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SUMMARY
Research was carried out to improve the diagnosis of mycoplasma 
infections, with special reference to Mycoplasma bovis. The primary 
isolation procedures were reviewed and a range of antibiotics was tested 
to be included in E medium. The drugs selected were Carbenicillin, 
Vancomycin and Fosfomycin.
Isolation of Mycoplasmatales from the upper respiratory tract of 
apparently healthy calves was done by means of nasal swabs from animals 
in 7 farms situated in Rio de Janeiro State, Brazil. Mycoplasma bovis 
was isolated from 4.9 per cent of animals while Acholeplasma laidlawii 
represented 9.0 per cent of the isolates. These findings proved that 
Mycoplasma bovis is present in the southeast region of Brazil.
An Enzyme-Linked Immunosorbent Assay (ELISA) using antigen-coated 
microtitre plates and horseradish peroxidase-labelled antibovine IgG was 
developed for detection of Mycoplasma bovis antibodies in bovine serum. 
The results obtained from 1,300 bovine field sera showed that the 
indirect ELISA was more sensitive and more specific than Complement 
Fixation (CF) and Disc Film Inhibition (DFI) tests for serodiagnosis of 
Mycoplasma bovis infections, the results correlating better with DFIT^ st,
The same indirect ELISA was adapted for visual reading and the results 
obtained from 546 bovine field sera collected in Brazil were compared 
with those obtained spectrophotometrically. There was a very good 
correlation between the two methods of reading, proving that the ELISA 
can be used in the field as a screening test without the need of
IV
sophisticated equipment. Again the presence of Mycoplasma bovis in the 
southeast region of Brazil was proved by the detection of positive 
samples tested by both methods.
An indirect and a sandwich ELISA were adapted for the identification of 
Mycoplasmatales isolated from field materials by means of antigen 
detection in E and Moredun broth. Hyperimmune sera raised in chicken 
and rabbits against Mycoplasmatales, as well as positive bovine sera for 
Mycoplasma bovis, were used to perform the tests. The best results were 
found with bovine sera although the tests did not show high specificity. 
Attempts were made to treat antigen in different ways without great 
improvements in the results. The ELISA did not appear to be quicker, 
easier or more specific than DFIT for Mycoplasma bovis identification.
The indirect ELISA was employed for Mycoplasma bovis antibody detection 
in field milk samples. Although promising results were found, the 
sensitivity and specificity of the immunosorbent assay could not be 
assessed fully because of the lack of good positive and negative 
reference samples. However, it seemed likely that this ELISA will be of 
great value if milk samples collected from cows suffering from clinical 
mastitis were available for testing.
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GENERAL INTRODUCTION
THE CLASS Mollicutes
A) INTRODUCTION
The distinguishing property of the class Mollicutes of the Eubacteria is 
their lack of a defined cell wall. Consequently, they share a unique 
constellation of characteristics. They are incapable of synthesis of 
peptidoglycan and its precursors, and consequently resistance to
penicillin and analogues that inhibit cell wall synthesis. They are 
highly sensitive to lysis by osmotic shock, detergents and alcohols; and 
are pleomorphic, with easily deformable cells. This allows them to pass 
through membrane filters with a pore size small enough to retain most 
walled bacteria. All Mollicutes except the Acholeplasma species share 
the additional properties of being parasites of or commensals with 
eukaryotic organisms, and have complex growth factor requirements that 
typically include fatty acids, amino acids, purines and pyrimidines, 
vitamins and sterols. The fatty acids and sterols are usually provided 
by supplementing media with serum, which contains these compounds as 
soluble, nontoxic lipoproteins (STANIER et al. 1987). Acholeplasma spp. 
are nearly equally fastidious although do not require sterols and may be 
free living.
The evolutionary origin of this group is obscure. It was presumed to be
polyphyletic, i.e. the group was presumed to contain organisms derived
as stable L-forms from a variety of different bacteria. However, the
many similarities among Mollicutes, including unusually low G+C values
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(23 to 36 per cent) and small genome size (MW of 0.5 x 10 to 1.0 x 
10^ ), suggested that they might instead have a common origin. This
suspicion has been confirmed by 165 rRNA sequencing: tbe Mollicutes are 
a coherent phylogenetic group quite closely related to the Clostridia 
(STANIER et al. 1987).
B) DEFINITION OF MYCOPLASMA
Mycoplasmas, the smallest free-living microorganisms, are composed of 
minimal reproductive units as small as 125nm in diameter which enlarge 
mto spherical or branching forms up to 500nm in diameter. The organisms 
lack a cell wall and are, in consequence of the effects of external 
physical forces, highly pleomorphic. They grow on lifeless media, and 
the centre of agar-grown colonies (10 to 600 (j,m in diameter) is often 
deeply embedded in the agar. Mycoplasmas are highly susceptible to 
lysis by osmotic shock, resistant to penicillin and inhibited by 
specific antibody, and will tolerate low concentrations of thallium 
acetate. With the exception of Acholeplasma species, all require sterol 
and protein for growth and multiplication. Despite a superficial 
resemblance, they differ from the L-phase of bacteria in that 
mycoplasmas do not derive from a bacterial parent, a fact that has been 
substantiated by immunological and nucleic acid homology studies. 
Furthermore, the bacterial L-phase is not dependent upon sterol and 
protein for growth, and the minimal reproductive units are generally 
larger than those of the mycoplasmas (HAYFLICK, 1971).
Mycoplasmas are prokaryotes with the general characteristics and 
cellular organization of bacteria, but they share several distinctive 
properties that set them apart from bacteria, rickettsias, chlamydias 
and other microorganisms. Like bacteria, they posses a triple-layer
unit membrane, 70S ribosomes, and a typical prokaryotic circular 
chromosome which is folded (BODE and MOROWITZ, 1967; TEPLITZ, 1977). In 
contrast to bacteria, however, mycoplasmas are extremely small and lack 
a cell wall, and this lack of cell wall appears to be responsible for a 
number of their interesting properties, such as their characteristic 
colonial morphology, filterability, staining properties, growth
inhibition by specific antibody and resistance to a variety of
antibiotics that affect cell wall biosynthesis (NEIMARK, 1979).
C) HISTORICAL OUTLINE
It is generally believed that Louis Pasteur first recognised that an 
important disease of cattle called bovine pleuropneumonia was caused by 
a specific microorganism which could not be seen under the microscope 
and did not grow in ordinary nutrient broth (HAYFLICK, 1971). It was 
not until 1898 that NOCARD and ROUX (1898) adequately described the 
disease and succeeded in growing the agent in a cell-free medium. 
Failing to implicate ordinary bacteria, they succeeded in growing the
aetiological agent in broth-filled collodium sacs inserted into the 
peritoneal cavity of rabbits. The first detailed morphological
description of its peculiar pleomorphism was made in 1910 by BORDET 
(1910) and BORREL et al. (1910), who named it Astevococcus mycoides. In 
1929 ELFORD using "Gradocol" filters, showed the existence of viable 
forms 125 to 150nm in size. The organism was therefore usually regarded 
as a virus, and for nearly 25 years occupied a unique position amongst 
microorganisms, because, although it had the dimensions of a virus, it 
was capable of multiplication in cell-free media (EDWARD, 1954).
In 1923 BRIDRE and DONATIEN showed that contagious agalactia of sheep 
was caused by an organism similar in morphology and cultural behaviour 
to the bovine pleuropenumonia organism this organism was later named 
Anulomyces agalaxiae (WROBLEWSKI, 1931). The morphology and biochemical 
properties of these two "viruses" were investigated by a number of 
workers (HOLMES and PIRIE, 1932; LEDINGHAM, 1933; KLIENEBERGER, 1934), 
but it was not until 1934 that another similar organism was isolated by 
SHOETENSACK (1934) from dogs suffering from distemper. In the following 
years similar organisms were isolated from a variety of sources, and 
because they resembled the organisms of bovine pleuropneumonia, they 
were called "pleuropneumonia-like organism" (PPLO).
LAIDLAW and ELFORD (1936) had isolated from sewage pleuropneumonia-like 
organisms which differed from those isolated from animals by their 
ability to grow on simpler media without enrichment with serum, and by 
their lack of pathogenicity for animals. SEIFFERT (1937a; 1937b) found 
similar saprophytic strains in soil and decomposing vegetable matter.
Whereas in 1934 only two members of the group were known, by 1941 it was 
realized that there existed a group of organisms, widely dispersed in 
nature and consisting of numerous species, some pathogenic, some 
saprophytic, with unique properties which distinguished them from 
bacteria, rickettsiae and viruses (EDWARD, 1954).
D) TAXONOMY
According to the INTERNATIONAL COMMITTEE ON SYSTEMATIC BACTERIOLOGY 
(1979), only one order, Mycoplasmatales, is accepted in the class
Mollicutes. Three families are recognised in the order;
Mycoplasmataceae, Acholeplasmataceae and Spiroplasmataceae. The 
taxonomic division of the Mollicutes is shown in Table 1. The principal 
characteristics of Mollicutes are presented in Table 2 (according to 
STANIER et al. 1987).
Table 1 - Taxononqr of class Mollicutes
TAXONOMICAL DIVISION NAME
Division Tenericutes
Class Mollicutes
Order I Mycoplasmatales
Family I Mycoplasmataceae
Genus I Mycoplasma
Genus II Ureaplasma
Family II Acholeplasmataceae
Genus I Acholeplasma
Family III SpiToplasmataceae
Genus I SpiToplasma
Genera of uncertain affiliation Thevmoplasma, Anaeroplasma
Table la - Up-to-date Taxonony of the Class Mollicutes
TAXONOMICAL DIVISION NAME
Division Tenericutes
Class Mollicutes
Order I Mycoplasmatales
Family I Mycoplasmataceae
Genus I Mycoplasma
Genus II Ureaplasma
Family II Spiroplasmataceae
Genus I Spiroplasma
Order II Acholeplasmatales
Family I Acholeplasmataceae
Genus I Acholeplasma
Order III Anaeroplasmatales
Family I Anaeroplasmataceae
Genus I Anaeroplasma
Genus II Asteroleplasma
References:
FREUNDT, E.A.; WHITCOMB, R.F.; BARILE, M.F.; RAZIN, S. and TULLY, J.G. 1984. 
Proposal for elevation of the Family Acholeplasmataceae to Ordinal rank : 
Acholeplasmatales. International Journal of Systematic Bacteriology, 34 
(3): 346-9
ROBINSON, I.M. and FREUNDT, E.A. 1987. Proposal for an amended 
classification of anaerobic Mollicutes. International Journal of 
Systematic Bacteriology, 37 (1): 78-81
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According to RAZIN and FREUNDT (1984) the Mollicutes ■■reeagn-l'&ed—so-»§ar- ^  
have the following characteristics (Table 3):
Table 3 - Characteristics of Mollicutes
No. of 
Recognised 
Genus Species
genome size 
(10^  daltons)
Location of 
NADH oxidase 
Cytoplasm / Membrane
Distinctive
Properties
Mycoplasma 69 5 + - require
sterol
Ureaplasma 2 5 ? ? urease
positive
Acholeplasma 8 10 - + sterol not 
required
SpiToplasma 3 10 + - helical
filaments
Anaevoplasma 2 ? ? ? anaerobic
Thevmoplasma 1 10 + thermophilic
and
acidophilic
MYCOPIASMAS
The mycoplasmes are inhabitants of animal mucous membranes, principally 
those of the respiratory and genital tracts, and the synovial membranes 
of joint capsules. Mycoplasma infections are most frequently associated 
with diseases of the respiratory and urogenital tracts, where the 
organisms firmly adhere to and colonize the epithelial lining (RAZIN and 
FREUNDT, 1984). The intimate association between the adhering 
mycoplasmas and their host cells provides an environment in which local 
concentrations of toxic by-products excreted by the organisms (e.g. 
HgOg, NH3) can accumulate and cause tissue damage (RAZIN, 1978; RAZIN et 
at. 1981). Since no cell wall separates the plasma membrane of the 
parasite from that of its host, exchange of antigens may occur between 
the two membranes, an event which may trigger immunological responses 
with serious consequences to the host (WISE et al. 1978). The intimate 
association between mycoplasmas and host cell membranes is reflected 
also by the "capping" of mycoplasmas adhering to lymphocytes, followed 
by shedding of membrane vesicles of presumed host origin (STANBRIDGE and 
WEISS, 1978).
Mycoplasmas are normally resistant to benzylpenicillin and other 
lactam antibiotics whose primary target is the biosynthesis of 
peptidoglycan. The mycoplasmas are normally sensitive to antibiotics 
that specifically inhibit protein synthesis in prokaryotes, such as 
tetracyclines and chloramphenicol. Susceptibility to other antibiotics 
is variable, particularly to erythromycin and certain other macrolides, 
a property which may be useful for differentiation of species (TAYLOR- 
ROBINSON, 1967; ARAI et al. 1967; NIITU et al. 1974; MARDH, 1975;
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WILLIAMS, 1978; BRUNNER and WEIDNER, 1981). Most mycoplasmas tolerate 
1:2000 to 1:4000 thallium acetate, which is often incorporated, 
therefore, as a selective agent in mycoplasma media.
They are facultative anaerobes, and some prefer reduced 0^  tensions. 
Most ferment either arginine or carbohydrates but some are capable of 
fermenting both. The products of carbohydrate fermentation always 
include lactate, with variable but usually small amounts of acetate, 
pyruvate, and butanediol (STANIER et al. 1987).
As reported by RAZIN and FREUNDT (1984), antigenic diversity exists 
within certain Mycoplasma species, especially M.hominis (RAZIN, 1968; 
HOLLINGDALE and LEMCKE, 1970; LIN and KASS, 1974), M,pulmonis (FORSHAW 
and FALLON, 1972) and M.arginini (THIRKILL and KENNY, 1974). Such 
antigenic heterogeneity has been noted with these species in a variety 
of serological tests and appears to be correlated with differences 
between membrane antigens or membrane proteins of individual strains 
(ALEXANDER and KENNY, 1980).
In the genus Mycoplasma, species names frequently have ecological 
significance; many Mycoplasma species are restricted to or are 
predominantly associated with a particular host, but some, as for 
example M.arginini, are found in very diverse hosts (RAZIN and FREUNDT, 
1984).
ACHOLEPIASMAS
Acholeplasmas were first isolated from sewage, compost and soil (LAIDLAW
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and ELFORD, 1936) and were considered to be true saphophytes, although 
little evidence was supplied that the organism would persist in these 
environments (TULLY, 1984). The isolation of the organisms from the 
bovine genital tract was reported in 1950 by EDWARD (1950a) and since 
then, Acholeplasma spp. have been found in almost every type of 
vertebrate examined, and in a variety of tissues and organs (TULLY, 
1979). The frequent occurrence of acholeplasmas in animal tissues and 
sera has created a special problem, where these organisms are now the 
most frequent contaminant of tissue cells in culture, because the 
prevention of bacterial contamination of tissue cultures has usually 
relied on the inclusion of penicillin in the medium, a measure 
ineffective against Mollicutes. The widespread distribution of 
Acholeplasma spp. in animal tissues and secretions raises questions 
about their existence as saprophytes, since recovery from soil and 
sewage could be related to their presence in animal wastes (TULLY, 
1973). Recovery of acholeplasmas from plant material is being reported 
with increasing frequency and there is evidence accumulating that some 
acholeplasmas may be part of the normal plant flora (TULLY, 1984).
According to TULLY (1984), no clear evidence exists at this time that 
acholeplasmas play a pathogenic role in any animal, insect or plant 
disease. The widespread distribution of acholeplasmas in both healthy 
and diseased animal tissues, in addition to antibody against them in 
most animal sera, complicates experimental pathogenicity studies.
Acholeplasma spp. are sharply distinguished from all other Mollicutes by 
ability to grow in the absence of sterols. However, if sterols are 
available Acholeplasma will incorporate them into the cell membrane.
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Independence of exogenous sterols does not reflect an ability to 
synthesize them; rather it reflects the ability of these Mollicutes to 
organize their membranes as functioning, stable structures without the 
strengthening effect of sterols. Some acholeplasmas synthesize and 
incorporate into their membranes large amounts of carotenoids which 
serve a sterol-like function ; others apparently do not have a sterol 
replacement in their neutral lipid fraction (STANIER et al. 1987).
According to TULLY (1984) three morphologically different viruses have 
been described in strains of A.laidlawii, and a new virus, serologically 
distinct from these, has been isolated by CONGDON et al. (1979) from a 
strain (PG 49) of A.modicum.
SPIROPIASMAS
The genus Spiroplasma contains Mollicutes that are parasitic on 
arthropods and plants. Spiroplasmas are isolated from ticks, the 
haemolymph and guts of insects, from vascular plant fluids and insects 
that feed on the fluids, and from the surfaces of flowers and other 
plant parts. There are four described species in the family and seven 
serogroups not named yet and designated by Roman numerals (WHITCOMB and 
TULLY, 1984). Several spiroplasmas occur in a biological cycle that 
involves plant phloem and homopterous insects (SAGLIO and WHITCOMB, 
1979). Koch’s postulates have been fulfilled for the aetiological roles 
of S.citri in "stubborn" disease of citrus (MARKHAM et al. 1974) and 
corn stunt spiroplasma (CHEN and LIAO, 1975; WILLIAMSON and WHITCOMB, 
1975). S.citri causes symptoms in a wide range of crops and wild plants 
(CALAVAN and OLDFIELD, 1979). As these organisms are also encountered
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in arthropods, e.g. rabbit ticks, that feed on animals, and in some 
cases may cause disease in experimentally infected laboratory animals, 
there is a growing suspicion that spiroplasmas may be important 
aetiological agents of human and animal disease (STANIER et al. 1987).
Spiroplasmas are helical, normally less than 0.2^m in diameter and 3 to 
5 ^  long, and motile, with the same range of movements that are 
characteristic of spirochaetes: swimming, flexing and creeping. In wet 
moutils they are easily mistaken for spirochaetes but they can be clearly 
differentiated from all other microorganisms by their sterol 
requirement, their genome size, their unique properties of helicity and 
motility, and the complete absence of periplasmic fibrils, cell walls, 
or cell wall precursors (SAGLIO et al. 1973; BOVE and SAILLARD, 1979). 
The basis of the motility of these organisms remains a mystery; however 
the finding that they contain 3.6 nm fibrils, apparently contractile 
ones, suggests that motility may be associated with these cytoplasmic 
contractile microfilaments (STANIER et al. 1987).
ANAEROPIASMAS
Anaevoplasma is a strictly anaerobic genus that inhabit the bovine and 
ovine rumen. Their lipid requirements are complex and poorly 
understood; sterols are required, as are esterified fatty acids in the 
form of phospholipids or lipopolysaccharide (STANIER et al. 1987). It 
may be grown in a clarified rumen fluid broth (CRFB) or in a rumen- 
fluid- free medium (Medium D) in which growth factors supplied in rumen 
fluid are replaced by lipopolysaccharide (Boivin) and cholesterol 
(ROBINSON et al. 1975). Bacteriolytic and nonbacteriolytic
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anaeroplasmas occur. According to ROBINSON (1984) those which are 
bacteriolytic form colonies which, when grown on agar media containing a 
suspension of Escherichia coli cells, are surrounded by a clear zone due 
to lysis of the suspended cells by a diffusible enzyme. On media 
lacking suspended cells, bacteriolytic and nonbacteriolytic strains of 
Anaeroplasma cannot be distinguished from each other on the basis of 
colonial or cellular morphology. They ferment carbohydrates to a 
mixture of acids (acetate, formate, succinate, lactate and propionate), 
ethanol and COg.
The anaerobic nature of Anaeroplasma is a unique, stable characteristic 
among mycoplasmas and is the basis for establishing the genus (ROBINSON 
et al. 1975). Moreover, the bacteriolytic capability possessed by some 
of the anaeroplasmas has not been reported for other mycoplasmas. At 
present there are two recognised species and one group of unassigned 
organisms whose taxonomic position has not been decided yet (ROBINSON, 
1984).
UREAPIASMAS
The unique ability to hydrolyze urea differentiates the genus Ureaplasma 
from the genus Mycoplasma within the family Mycoplasmataceae. There is 
evidence also for the possession of an antigenic component common to 
human, bovine and several other ureaplasmas of animal origin, which has 
not been detected in several Mycoplasma and Acholeplasma species 
(NAGATOMO et al. 1980). Ureaplasmas require sterols for growth and thus 
are different from organisms of the genus Acholeplasma, while the
g
smaller genome size (5 x 10 daltons) of ureaplasmas and their lack of
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helical shape differentiate them from the genus Spiroplasma (genome size
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1 X 10 daltons). Organisms within the genus Ureaplasma are not strict 
anaerobes, in contrast to those of the genus Anaeroplasma. Moreover, 
the production of small colonies (15 to 60^ m) on agar media, the optimum 
pH for growth (6.0 + 0.5), the relatively small number of organisms 
attained on growth in broth medium (usually not more than lo/) and the 
possession of ureases (DELISLE, 1977), distinguish ureaplasmas from 
other mycoplasmas (TAYLOR-ROBINSON and GOURLAY, 1984).
Bovine ureaplasmas, as well as ureaplasmas of human origin, are 
serologically heterogeneous. It has been suggested by HOWARD et al. 
(1975) and OGATA et al. (1979), that they exist as three clusters of 
serologically similar but not identical strains, when tested on the 
basis of antisera raised in rabbits. Strains that could be regarded as 
serovars, representing the whole range of antigens synthesized by bovine 
ureaplasmas, have been proposed by HOWARD et al. (1975); HOWARD et al.
(1978) and OGATA ét al. (1979). Bovine strains are serologically 
distinct from the human serovars. U.diversum is found in the bovine 
respiratory tract, genitourinary tract and eyes.
Among human strains of V.urealyticim at least 14 serologically different 
serovars exist. The protein patterns established for twelve of these by 
polyacrylamide gel electrophoresis indicate that they may be placed in 
two groups. These serovars are distinct from the three groups of 
U.diversion and the other ureaplasmas isolated from several other animal 
species (not named yet). U.urealyticum is isolated from the human 
genitourinary tract, oropharynx and anal canal (TAYLOR-ROBINSON and 
GOURLAY, 1984).
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THERMOPIASMAS
Thermoplasma is by definition a mycoplasma by virtue of being a self- 
replicating prokaryote which lacks a cell wall (lANGWORTHY and SMITH, 
1984). They are pleomorphic, varying in shape from spherical (100- 
300nm) to filamentous structures, they are obligate thermoacidophiles, 
optimum growth at 55 to 59°C and pH at 1 to 2, and cells undergo lysis 
near neutrality. Biochemical characteristics also indicate that 
Thevmoplasma is similar to the extremely halophilic bacteria, the 
methanogenic bacteria, and the thermoacidophile Sulfolobus. The lack of 
DNA/DNA sequence homology (<0.25 per cent) indicates absence of a close 
genetic relationship between Thermoplasma and Sulfolobus; i.e. 
Thermoplasma is not merely a stable L-form derived from Sulfolobus 
(CHRISTIANSEN et al. 1981). According to LANGWORTHY and SMITH (1984), 
on biochemical grounds and on the basis of RNA studies. Thermoplasma is 
broadly related to Sulfolobus, halophiles and methanogens, but is not 
closely related to these or any other known organisms.
Thermoplasma occur freeliving in self heating coal refuse piles and 
species diversity among the isolates has not been established. 
Thermoplasma isolates do exhibit serological diversity and can be 
differentiated into five antigenic groups by immunofluorescence and 
immunodiffusion analysis (BELLY et al. 1973; BOHLOOL and BROCK, 1974). 
According to LANGWORTHY and SMITH (1984) there is only one recognised 
species: T.acidophilum.
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E) IDENTIFICATION AND CLASSIFICATION OF Mollicutes 
E.l) IDENTIFICATION
The identification of a microorganism as a mycoplasma depends^%^on 
demonstration of a characteristic colony and individual elements. When 
examined in situ on an agar plate with a magnification of 2Ox to lOOx, 
most mycoplasma colonies present a dense centre, which is formed by 
growth of organism into the agar, and a thin peripheral zone composed of 
organisms which have grown on the surface of the agar from the edge of 
the dense central growth. The staining of colonies by Dienes’ technique 
(DIENES, 1939) facilitates examination of the individual organisms, and 
positive identification of mycoplasma colonies can be made using a 
magnification of 900x to lOOOx. The dense central growth is composed 
largely of granular elements which vary in size from approximately 0.2 
to O.sV^. The granule is the important element in the reproduction of 
mycoplasmas (SHARP, 1970).
E.2) PROPERTIES USED IN CLASSIFICATION
In accordance with the recommendations of the INTERNATIONAL COMMITTEE ON 
SYSTEMATIC BACTERIOLOGY (1979), the properties to be determined to 
establish that an organism belongs to the class Mollicutes are:
E.2.a) Morphology
The organism should be examined by electron microscopy and either dark- 
field or phase-contrast microscopic techniques. By appropriate thin- 
sectioning electron microscopic procedures, it should be shown that the
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organism lacks a cell wall and is bounded by a single membrane. 
Examination of young, log-phase broth cultures of the organism by dark- 
field or phase-contrast microscopy should show them to be pleomorphic. 
Examination of methanol-fixed organisms stained with Giemsa solution 
(FALLON and WHITTLESTONE, 1969; GOURLAY and LEACH, 1970) may also be
used. Organisms may consist of small coccoid bodies, ring forms and/or 
fine filaments of varying length ; some of the filaments may branch. 
Other organisms (members of the family Spiroplasmataceae) are helical 
under most circumstances. Their helical filaments exhibit rotatory and 
undulating motility (COLE et al. 1973; DAVIS and WORLEY, 1973).
E.2.b) Colonial appearance
Some colonies of almost all mycoplasma species show a typical "fried- 
egg" morphology, which is characterized by a central zone, in which the 
organisms grow into the medium, surrounded by a peripheral zone of 
surface growth. However, a very small minority of species have not been 
shown to form such colonies under any cultural circumstances.
E.2.C) Fllterabiliüy
The minimal pore diameter that permits passage of some organisms should 
be determined. High-pressure filtration, which can force cells through 
pores smaller than their diameter, should be avoided. Many cells of all 
known members of Mollicutes will pass through a membrane filter of 450nm 
pore diameter if cultures or suspensions in liquid media are used, and 
some may pass through pores as small as 220nm.
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E.2.d) Absence of reversion
There should be no reversion of the organism to a bacterium during at 
least five consecutive subcultures in media that do not contain 
antibiotics or other substances known to induce bacterial L-phase 
variants. This examination should preferably be made as soon as 
possible after isolation of the organism and not later than the first 
three to five passages on medium containing antibacterial agents.
F) OTHER PROPERTIES USED IN CLASSIFICATION
F.l) Fermentation of glucose
According to ALUOTTO et al. (1970) the ability of the organism to 
catabolize glucose to acid should be assessed, preferably under both 
aerobic and anaerobic conditions of cultivation.
F.2) Hydrolysis of arginine
The ability of the organism to hydrolyse arginine with the production of 
ammonia (resulting in an increase in pH) should be determined (ALUOTTO 
et al. 1970). LEACH (1976) described a modified test, using arginine 
concentrations that vary from 2 to 10 g/1 might also be used, since some 
organisms are inhibited by higher concentrations of arginine.
F-3) Hydrolysis of urea
As described by SHEPARD et al. (1974), the demonstration of urea 
hydrolysis with the production of carbon dioxide and ammonia (resulting
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in an increase in pH) is a minimum requirement for assigning an organism 
to the genus Ureaplasma. It can be done most conveniently by the method 
of SHEPARD and HOWARD (1970).
F.4) Production of carotenoids
The ability of the organism to synthesize carotenoid pigments in a 
medium containing sodium acetate should be determined for 
Acholeplasmataceae (RAZIN and CLEVERDON, 1965; TULLY and RAZIN, 1968).
F.5) Optional tests
In accordance with the recommendations of the INTERNATIONAL COMMITTEE ON 
SYSTEMATIC BACTERIOLOGY (1979), useful additional information may also 
be obtained with the following tests:
a) Determination of genome size (BAK et al. 1969).
b) Determination of genetic relatedness by a nucleic acid homology 
studies (McGEE et al. 1967; SOMERSON et al. 1967).
c) Fermentation of carbohydrates and related compounds other than 
glucose. These may include mannose, mannitol, lactose, sucrose, 
salicin, fructose, galactose, xylose, sorbitol, glycerol, cellobiose 
(ALUOTTO et al. 1970; BARBER and FABRICANT, 1971), arbutin (ERN0 and 
STIPKOVITS, 1973), and aesculin (WILLIAMS and WITTLER, 1971).
d) Determination of the electrophoretic patterns of the cell proteins
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by one-dimensional (RAZIN and ROTTEM, 1967) or two-dimensional 
(MOUCHES et al. 1979; RODWELL and RODWELL, 1978) analyses.
e) Phosphatase activity (ALUOTTO et al. 1970; WILLIAMS AND WITTLER, 
1971).
f) Production of "film and spots" on agar medium containing egg yolk 
emulsion (FABRICANT and FREUNDT, 1967).
g) Proteolytic activity, including the ability to digest coagulated 
horse serum, casein and gelatin (ALUOTTO et al. 1970).
h) Tétrazolium reduction under aerobic and anaerobic conditions 
(ALUOTTO et al. 1970).
i) Haemolysis of sheep and guinea-pig red blood cells using an overlay 
technique (ALUOTTO et al. 1970) or the inoculation of blood agar 
with concentrated suspensions of organisms (COLE et al. 1973), 
together with tests for the possible identification of the 
haemolysin as peroxide (LIND, 1970; SOBESLAVSKY and CHANOCK, 1968).
j) Adsorption of erythrocytes (preferably from several animal species) 
to colonies on solid medium (SOBESLAVSKY et al. 1968).
6) SEROLOGICAL CLASSIFICATION
The classical techniques used in bacteriology for identification and
classification are generally unreliable when applied to the mycoplasmas.
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Morphologically, mycoplasma colonies are variable and highly 
environment-dependent. The small size of the individual organisms and 
their pleomorphism preclude any dependence upon these or tinctorial 
behaviour for classification, and electron microscopic observations have 
revealed a generally similar morphology for the individual organisms of 
most mycoplasma species (HAYFLICK, 1971).
According to RIGGS and SHARP (1970), immunological studies have 
contributed in two ways to the understanding of infections caused by 
mycoplasmas. First, serological reactions have formed the basis for 
classification of mycoplasmas; second, immune responses have been used 
as a means of identifying infections in man and animals.
The complement fixation test was one of the first serological tests used 
for the diagnosis of mycoplasma infections, and was standardized in 1936 
by CAMPBELL and TURNER for the serodiagnosis of contagious bovine 
pleuropneumonia. In the same year, LAIDLAW and ELFORD (1936) used 
agglutination to characterize several saprophytic strains isolated from 
sewage. In 1938, KLIENEBERGER demonstrated the antigenic distinctness 
of six mycoplasma strains, using the tube agglutination test for whole 
organisms in suspension.
Haemagglutination and haemadsorption are phenomena exhibited by a 
limited number of mycoplasma species. In those instances, inhibition of 
haemagglutination or haemadsorption can be used to measure antibody. In 
1945 van HERICK and EATON observed that whole cultures of a mycoplasma 
isolated from chicken embryos agglutinated red blood cells of chickens, 
and that specific antisera to the organism prepared in rabbits inhibited
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the haemagglutination. EDWARD and FITZGERALD (1954) reported that 
immune sera inhibited the growth of mycoplasmas and that heating 
antiserum at 56°C for 60 minutes did not influence its ability to 
inhibit mycoplasma growth, and concluded that complement was not 
necessary to immune inhibition.
LIU, in 1957, employed an immunofluorescence method to identify the 
Eaton agent in chicken embryos inoculated in the amniotic sac. Antigen 
was found after 5 to 6 days incubation on the surface of tracheal and
bronchial epithelium in sections that were reacted with convalescent
human serum or rabbit immune serum followed by the appropriate 
fluorescein-conjugated anti- immunoglobulin. Indirect haemagglutination
has also been used to study immune responses in mycoplasma infections. 
COTTEW (1960) sensitized sheep red cells with a polysaccharide extracted 
from M.mycoides subsp. mycoides and demonstrated haemagglutination with 
specific immune sera.
Immunodiffusion in agar gel has been used effectively to characterize
mycoplasma antigens and to evaluate the similarity of antigens of
mycoplasma strains (LEMCKE, 1965). Inhibition of metabolic activity 
also has been used to indicate a reaction between antibody and 
mycoplasmas (SENTERFIT and JENSEN, 1966). In 1966 MORTON demonstrated 
that sensitized latex particles were agglutinated by antisera and could 
be used to measure antibody to mycoplasmas. In the same year, TAYLOR- 
ROBINSON et al. (1966) used acid production from glucose by fermenting 
strains of mycoplasmas as an index of metabolic activity, and PURCELL et 
al. (1966a) measured the production of alkali from arginine by 
nonfermenting strains.
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According to the INTERNATIONAL COMMITTEE ON SYSTEMATIC BACTERIOLOGY 
(1979) at least two methods should be performed for the serological 
examination of mycoplasmas; a) the growth inhibition test (CLYDE, 1964) 
which is of the most general use in the description of mycoplasma 
species, and b) a direct or indirect fluorescent antibody test (DEL 
GIUDICE et al. 1967; ROSENDAL and BLACK, 1972). Other tests should be 
considered in certain circumstances. For example, the metabolism 
inhibition test (PURCELL et al. 1966a, 1966b; SENTERFIT and JENSEN, 
1966; TAYLOR-ROBINSON et al. 1966) or the indirect agglutination test 
(MORTON, 1966; LIND, 1968) may be used as alternatives if the growth 
inhibition test is not technically possible. The complement fixation 
test (TAYLOR-ROBINSON et al. 1963; KENNY and GRAYSTON, 1965) or double 
immunodiffusion test (TAYLOR-ROBINSON et al. 1963; LEMCKE, 1965) may 
afford resolution of internal antigens not measured by other tests.
H) OTHER CHARACTEELCSTICS OF nollicutes
H.l) CELL SHAPE AND REPRODUCTION
All Mollicutes are pleomorphic at least to some extent, although it is 
becoming clear that much of the extensive pleomorphism observed by early 
workers was a result of suboptimal growth conditions. Several members
of this group exhibit a fairly constant morphology, as for example 
Spiroplasma that grows in quite regular spirals, or Ureaplasma and 
Anaeroplasma that are typically unicellular cocci or coccobacilli. Only 
in Mycoplasma and Acholeplasma do healthy growing cells exhibit 
extensive variation in form (STANIER et al. 1987). Study of the 
molecular biology of these organism showed clearly that replication of 
their genome, which must precede all division, follows the same pattern
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as with other prokaryotes dividing by binary fission (MOROWITZ and 
WALLACE, 1973). For binary fisi^n to occur, however, cytoplasmic 
division must be fully synchronized with genome replication, which is 
not always the case with mycoplasmas (RAZIN and FREUNDT, 1984). In 
mycoplasmas, cytoplasmic division may lag behind genome replication, 
resulting in the formation of multinucleate filamets (PETERSON et al, 
1973; BREDT et al. 1973). The subsequent division of the cytoplasm by 
constriction of the membrane at sites in between the genomes leads to 
the formation of characteristic chains of beads which later fragment to 
give single cells’. According to ANDERSON and BARILE (1965) and RAZIN 
and COSENZA (1966) budding is frequently seen in mycoplasma cultures and 
may be a form of binary fission in which the cytoplasm is not equally 
divided between the daughter cells. Cultures of Mycoplasma and 
Acholeplasrm may contain a mixture of cocci, short filamets and longer 
branched filaments (STANIER et al. 1987).
H. 2) GROWTH REQUIREMENTS
The nutritional dependence on cholesterol or certain other sterols which 
characterizes the great majority of mycoplasmas is a property that is 
completely unknown in any species of bacteria. Of the three families 
currently established within the Mollicutes, the Acholeplasmataceae is 
the only one whose members do not require sterols for growth. Since the 
classification of Spiroplasmataceae primarily rests on the demonstration 
of helical morphology, dependence versus nondependence on sterols for 
growth thus becomes a major criterion for differentiation only between 
Mycoplasmataceae and Acholeplasmataceae. The taxonomic implications of 
the lack of dependence on sterols in the case of Thermoplasma and some
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isolates of Anaeroplasma remain to be defined (FREUNDT and EDWARD, 
1979).
The complete medium used for the growth of mycoplasmas is generally 
regarded as consisting of a basal medium component and a protein-lipid 
supplement. The basal medium is usually not much different from that 
used to prepare ordinary bacteriological media and is usually composed 
of beef heart infusion and peptone (EDWARD, 1947; MORTON et al. 1951). 
The mycoplasmas will grow both in broth and on agar. The characteristic 
growth of most mycoplasmas, in which the central portion of the colony 
is embedded in the agar, and their requirement for a moist environment 
have dictated the use of a softer agar than that used in ordinary 
bacteriology. The crucial component to be added to any basal medium 
formulation is the protein-lipid enrichment necessary to support the 
growth of all mycoplasmas except Acholeplasma spp.. A native protein 
enrichment alone generally contains the necessary amount and kind of 
sterol which is obligatory for the growth of mycoplasmas. Thus, sterol 
per se is not added separately. The enrichment has classically 
consisted of whole animal serum or ascitic fluid or a particular serum 
fraction (HAYFLICK, 1971). Since slow-growing mycoplasma colonies are 
often overgrown by bacteria and fungi found in natural materials, 
thallium acetate at a concentration of 0.1 per cent and penicillin at 
1000 units/ml are often added to the medium to prevent growth other than 
of mycoplasmas (HAYFLICK, 1965).
H.3) METABOLISM OF THE Mollicutes
As described by SMITH (1971a), the mycoplasmas as a group display a
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rather wide diversity of metabolic activities. Many degrade sugars with
the production of lactic and acetic acids, similar^to the lactic acid
bacteria. Some oxidize short-chain fatty acids by the ^ -oxidative
pathway and utilize the tricarboxylic acid cycle for acetate metabolism. 
Growth substrates include carbohydrates and amino acids, particularly 
arginine, the metabolism of which proceeds via the arginine dihydrolase 
or arginine diiminase pathway, a pathway that also occurs in a variety 
of other bacteria (STANIER et at. 1987). No common metabolic character 
has been found that will distinguish mycoplasmas from other
microorganisms, although these metabolic activities are useful in 
differentiating members of the group. A property associated primarily 
with mycoplasmas is the inhibition of growth by specific antisera. 
Another useful test is the metabolic inhibition, in which the absence of 
growth is measured by the degree of inhibition of some utilizable 
substrate, such as glucose, arginine, or urea (SMITH, 1971a). The 
failure of Mollicutes to respire reflects this lack of cytochromes and 
quinones, but many Mollicutes do have a rudimentary electron transport 
chains that consists of a flavoprotein-coupled NADH oxidase that reduces 
Og directly. Only in Acholeplasma is this a membrane-bound system; in 
other members of the group it is cytoplasmic. There is no evidence that 
a protonmotive force is generated by electron transport, even by 
Acholeplasma; presumably the function of the oxidase is to reoxidize the 
NADH formed during carbohydrate fermentation. In Ureaplasma, energy is 
conserved via a chemiosmotic mechanism. This organism depends on the 
hydrolysis of urea for its growth ; the mechanism of proton pumping is 
not fully established, but a plausible model has been proposed; 
hydrolysis of urea generates ammonia, which leaves the cell as ammonium, 
thereby carrying a proton with it (STANIER et al. 1987).
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I) ULTRASTRUCTDRE
The absence of a cell wall is the most prominent single criterion 
distinguishing the Mollicutes. The demonstration by electron microscopy 
of sectioned material that the cell lack a wall and are bounded only by 
a single membrane is a condition, therefore, for the classification of 
an organism as a member of the Mollicutes. The plasticity and the size 
(about 30nm) of the smallest viable units, as determined by 
filterability through membrane filters of 220 to 450nm pore diameter, 
are less remarkable, but significant characteristics of all members of 
this Class (FREUNDT and EDWARD, 1979).
Since mycoplasmas have to be fixed prior to examination by the electron 
microscope, according to BOATMAN (1979) three factors have a major 
influence on the morphology anJL what is seen under the microscope : 
a) the phase of growth and viability of the organisms at the time of 
harvest; b) whether or not the organisms are fixed prior to collection 
(particularly if centrifugation is a prior step) ; and c) the 
concentrations of the buffer-fixative employed and the osmolality of the 
final solution.
According to the INTERNATIONAL COMMITTEE ON SYSTEMATIC BACTERIOLOGY 
(1979) , the demonstration of a single membrane having a trilaminar stru&lufe 
in properly fixed and sectioned cells is an essential requirement for 
defining a new isolate as a mycoplasma. The lack of a cell wall and the 
rigid peptidoglycan polymer explains the resistance by the organism to 
lysis by lysozyme and to growth inhibition by penicillin (PLACKETT, 
1959; RAZIN and ARGAMAN, 1963), as well as their susceptibility to lysis
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by osmotic shock and various agents causing the lysis of bacterial 
protoplasts (RAZIN and ARGAMAN, 1963).
I.l) The membrane
In accordance to FREUNDT (1970), the studies by van ITERSON and RUYS 
(1960a, 1960b) on the ultrastructure of H.fermentans and other human 
mycoplasmas and by RUYS and VAN ITERSON (1961) on N.gallisepticum 
demonstrated for the first time a triple-layered limiting membrane in 
mycoplasma cells. The membrane was shown to consist of two dense outer 
layers separated by a lighter intermediate or inner zone and was 
estimated to measure 75A° across, thus closely resembling in appearance 
and dimensions the unit membrane previously described by ROBERTSON 
(1959).
The mycoplasma membrane is a typical prokaryotic plasma membrane,built 
of amphipathic lipids (phospholipids, glycolipids, lipoglycans, sterols) 
and proteins (RAZIN and FREUNDT, 1984). The ability to introduce 
controlled alterations in its lipid composition and the ease of its 
isolation in a pure form have made this membrane a most useful tool in 
membrane studies (RAZIN and ROTTEM, 1976; RAZIN, 1981). According to 
ARCHER (1981), mycoplasma membranes contain all the cell lipids and one 
quarter to one-half of the cell protein (RAZIN, 1975; 1978). The gross 
chemical composition of the membranes varies with species, but generally 
falls within the range of 50 to 60 per cent protein, 30 to 40 per cent 
lipid, and 1 to 3 per cent carbohydrate (SMITH, 1971b; RAZIN, 1975). 
The membrane also contain some inorganic ions (KAHANE et al. 1973), and 
traces of nucleic acids are often detected in membrane preparations but 
can be removed by addition of nucleases when endogenous nucleases have
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not already removed the material (RAZIN, 1975). However, ribosomes 
(RAZIN, 1969; MANILOFF and MOROWITZ, 1972) and deoxyribonucleic acid 
(SMITH and HANAWALT, 1969; QUINLAN and MANILOFF, 1972) have some 
association with mycoplasma membranes and could be regarded as 
legitimate minor membrane components.
In 1982, JOHANSSON published a paper about the membrane components of 
mycoplasmas. According to GILLIAM and MOROWITZ (1972) some mycoplasmas 
have been shown to possess a capsule of polysaccharide nature. A 
substance, similar in properties to bacterial lipopolysaccharides (LPS), 
have been isolated from mycoplasmas (SMITH, 1979). This substance is 
named lipoglycan (SMITH et al. 1976) and its chemical composition is 
different from bacterial LPS. The lipoglycans of Acholeplasma species 
are antigenic, according to SMITH (1979).
1.2) Cell Structures
The first indication of the existence of additional surface structures 
associated with the external layer of the cell membrane of mycoplasmas 
was provided by DOMERMUTH et al. (1964), by their observation of a 
flocullar electrodense material in direct contact with the cell surface 
of all strains examined. The amount of this material varied in 
different strains and preparations, and it was sometimes so abundant and 
dense that it simulated an additional membrane outside the triple- 
layered membrane (FREUNDT, 1970). In many Mycoplasma species the cell 
surface is covered by a capsular material or nap, some of which can be 
stained with ruthenium red, a general stain for polyanions used to 
demonstrate the polysaccharide glycocalyxes of eukaryotic cells (RAZIN
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and FREUNDT, 1984). In M.mycoides subsp. mycoides, the slime layer is 
made of galactati (PLACKETT and BUTTERY, 1964; GOURLAY and THROWER, 
1968).
In several mycoplasma species, specialized tip structures have been 
observed (RAZIN and FREUNDT, 1984). These tip structures appear to play 
a role in the attachment of the mycoplasmas to host cells (ZUCKER- 
FRANKLIN et al. 1966; WILSON and COLLIER, 1976; RAZIN et al. 1980). The 
tip structures appear also to be involved in the gliding motility of 
mycoplasmas, as the leading direction of movement is always tip first 
(BREDT, 1979). According to MENG and PFISTER (1980), brief treatment of 
K.pneumoniae with Tritox X-100 indicates that the rod-like core of the 
terminal tip of the organism consists of a bundle of fibrils, which may 
extend throughout the cell, forming a cytoskeleton not reported so far 
in any other prokaryote.
1.3) Molecular Biology of f^coplasmas
As described by FREUNDT (1970), the contributions of conventional 
electron microscopy to the definition of the external morphology of the 
mycoplasmas are relatively limited and did not add essentially to the 
information already provided by light microscopy. However, the 
introduction of the ultrathin sectioning and negative-staining 
techniques has significantly augmented the knowledge of the anatomy of 
the mycoplasma cell. The fine structure of the typical mycoplasma cell 
consists of a trilaminar membrane surrounding a cytoplasm packed with 
ribosomes, fibrillar DNA, one or more electron dense areas and 
occasionally empty vehicles surrounded by a trilaminar membrane (SMITH,
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1971a)
In unstained sections of mycoplasmal cells the nuclear area presents 
itself as a more - or - less centrally located area, round, ovoid, or 
irregular in shape and containing a sparse network of delicate strands 
(DOMERMUTH et al. 1964; DIENES and BULLIVANT, 1967; TAYLOR-ROBINSON et 
al. 1968). The DNA of mycoplasmas contains the usual bases adenine, 
guanine, cytosine and thymine, but no hydroxymethyl cytosine (LYNN and 
SMITH, 1957; MOROWTIZ et al. 1962). Adenine-to-thymine and guanine-to- 
cytosine ratios approximate 1.0 in agreement with the Watson-Crick model 
(SMITH, 1971a). According to RAZIN et al. (1963), the mycoplasma DNA 
constitutes 4 to 7 per cent of the dry weight of the cell; the variation 
probably reflects species differences and also variations in the amount 
of DNA per cell at different culture phases. The genetic information of 
the mycoplasma is in a single chromosome, which is a circular DNA 
molecule (MANILOFF and MOROWITZ, 1972) and, cytologically, is an 
unbounded nuclear region (MANILOFF, 1972). RNA makes up 8 to 17 per 
cent of the cell mass of mycoplasmas according to RAZIN et al. (1963). 
As with DNA, the range of RNA content reflects species and growth phase 
differences. The RNA species are 22S, 16S and 5S rRNA, 4S tRNA and 
unstable mRNA (MANILOFF, 1972). According to STANBRIDGE and REFF
(1979), preliminary studies of the ribosomal proteins of mycoplasmas 
indicate they are very similar in composition to bacterial ribosomal 
proteins. Studies with polyacrylamide gel patterns indicated that the 
proteins isolated from M.hominis ribosomes were as complex as those 
found in Escherichia coli. In a recent publication, the mycoplasmal 
riosomal RNA genes and their use as probes for detection and 
identification of Mollicutes was reported by RAZIN et al. (1984), as
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well as the identification of deletions, duplications and rearrangements 
in mycoplasma ribosomal RNA gene sequences (NEIMARK, 1984), and the 
antigen expression from cloned genes^  ^M,hyovhinis as an approach to 
mycoplasma genomic analysis (WISE, 1984).
Some reports indicating the presence of plasmids (extranuclear genetic 
structures that can reproduce autonomously) in some Mycoplasma^ 
Acholeplasma and Spivoplasma species are available (RAZIN 1978; RANHAND 
et al. 1980). Viruses infecting species belonging to these genera are 
known (RAZIN and FREUNDT, 1984), and some have also been isolated and 
chracterized (COLE, 1979; MANILOFF et al. 1979; HOWARD et al. 1980, LISS 
and COLE, 1981).
J) PATHOGENICITY OF MYCOFLASMAS AND HOST RESPONSE
According to CLYDE (1983), mycoplasmas may exist on mucous membranes as 
components of the autochthonous micro-flora, or colonization with 
virulent species may lead to induction of disease through some form of 
tissue injury. He stated that the host age, sex, nutritional status, 
genetic predisposition as well as external factors of environment, 
season and conditions of exposure are all important in the balance of 
the normal flora, although the exact mechanisms controlling it are still 
incompletely defined. Many pathogenic mycoplasmas of man and animals 
are parasites of the respiratory and urinary tracts, and the organisms 
adhere to and colonize the epithelial lining of the infected organ and 
only rarely invade the tissues and bloodstream (KAHANE and BREDT, 1983).
Respiratory problems are the most common feature of mycoplasma
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infections, and are seen in many species of animals. These include the 
bovine, ovine and caprine pleuropneumonies, as well as primary atypical 
pneumonia of man caused by M.pneumoniae, chronic respiratory disease of 
fowl (M.gallisepticum and M.meleagridis), chronic pneumonia of swine 
(M.hyopneummoniae), and infectious catarrh of rodents due primarily to 
M.pulmonis (SMITH, 1971a).
As reported by CLYDE (1983), the pathological consequences of mycoplasma 
infections result generally from extracellular surface parasitism. Some 
highly virulent species, however, may exhibit invasive properties; they 
may penetrate mucosal barriers and tend to demonstrate a high degree of 
specificity for the tissues and organs that become infected. These 
selected tropisms can be exemplified by the affinity of M.mycoides for 
the lungs and pleura, M,arthritidis for synovial membranes, 
M.gallisepticum for arterial walls, and Spivoplasma mifwn for the eyes. 
In respiratory infections, the typical gross pathology is consistent 
with an inflammatory response showing congestion, oedema, and the 
formation of a serous exudate which may become purulent in the event of 
secondary bacterial invasion. In the more acute cases of bovine 
pleuropneumonia there appears a serofibrinous pleurisy and oedema of the 
interlobular septa of the lungs (SMITH, 1971a).
Many mycoplasmas are membrane parasites, adhering to the host cell 
membrane. According to KAHANE (1984), adherence seems to be the most 
frequent first step in colonization and pathogenicity. Many species 
adhere to eukaryotic cells, although the nature of the receptors on the 
cells is not the same for different mycoplasma species, nor are the 
binding sites on different mycoplasmas the same (TAYLOR-ROBINSON et al.
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1981). According to TAYLOR-ROBINSON et al. (1981), the attachment of 
M.pneumoniae is mediated through sialic acid receptors on the host 
cells, whereas the attachment of M.pulmonis does not involve these 
receptors. Most pathogenic mycoplasmas adhere to the cytoplasmic 
membrane of host cells in an avid, almost irreversible way. In several 
mycoplasma (e.g. M.pneumoniaej M.gallisepticum and M.genitalium) the 
initial steps of adherence are reversible interactions occurring between 
mycoplasma adhesins that recognize specific sialoglycoconjugates on the 
host cell membrane. So, with the close contact caused by attachment of 
the mycoplasmas to the host cells, their pathogenicity can be expressed 
(KAHANE, 1984).
The effects of mycoplasmas on host tissues vary according to the type of 
organism and the organ system that is involved. Injury may be reflected 
by histopathological changes and disturbances of specialized cellular 
function (CLYDE, 1983). The production of toxins by some Mycoplasma 
species has also been reported by TULLY (1981). According to him, 
mycoplasma toxins cover a wide range of substances, including diffusible 
components of microbial metabolism that are toxic for host cells, 
endotoxin-like compounds in the mycoplasma membrane, and toxins with 
characteristics of some classical exotoxins. The presence of diffusible 
toxic components of mycoplasmas was described as early as 1957 by CORDY 
and ADLER (1957). They suggested that the neurotoxicity of 
M.gallisepticum in avian hosts involves a number of diffusible 
substances from the organism, including a possible exotoxin. However, 
there is no current evidence that this organism can produce a cell-free 
toxin (TULLY, 1981). Haemolysins are produced by a large number of 
mycoplasmas, and in 1965 SOMERSON et al. (1965) identified the active
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compound in the haemolysis of M,pneumoniae as hydrogen peroxide. 
However, there is little definitive evidence that they play a direct 
role in the induction of host disease (TULLY, 1981). Other diffusible 
substances, such as the accumulation of ammonia in host tissues infected 
with Uveaplasma species (SHEPARD and MASOVER, 1979) and toxic 
metabolites elaborated by Spivoplasma citvi (DANIELS, 1979), have been 
proposed as contributing to the pathogenic potential of a number of 
mycoplasmas. Finally, it has been shown by BUTTERY et al. (1980) that 
diffusible products from M.mycoides subsp. mycoides provoke a number of 
reactions in cattle, especially an increased connective tissue response. 
They suggested that the galactan produced by this organism may be 
responsible for this response and that a dense connective tissue capsule 
in tissues may exert a protective effect on the organism against a 
variety of host humoral and cellular defences. The occurrence in 
mycoplasmas of compounds with endotoxin activity was described by SEID 
et al. in 1980. They isolated and purified a number of lipoglycans 
(complex molecules consisting of various neutral sugars, amino sugars, 
glycerol and fatty acids) from five species of Acholeplasma. They found 
that these compounds were not only structurally different from the 
lipopolysaccharides (LPS) of gram-negative bacteria, but were more 
potent (on a weight basis) than Eschevichia coli LPS when tested in 
either the rabbit pyrogen or Limulus amoebocyte lysate tests.
According to LYNN et al. (1980), most of the lipoglycans isolated from 
mycoplasmas were immunogenic for rabbits and the antiserum produced was 
specifically reactive against the Acholeplasma species from which the 
lipbglycan was isolated. However, at present no evidence is available 
to link these lipoglycans to an active or passive role in acholeplasma
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pathogenicity (TULLY, 1981). M.neurolyticim produces an exotoxin 
(neurotoxin) that selectively alters the permeability of cerebral 
capillary endothelial cells, producing the classic syndrome of rolling 
disease in mice (CLYDE, 1983). An inflammatory toxin was isolated from 
M.bovis lysed cells by GEARY et al. (1979; 1981), with the properties of 
increasing vascular permeability and activating complement, which 
suggest a mechanism by which the organisms may cause the inflammatory 
reaction.
Mycoplasmas may produce chronic, even life-long, infections in a number 
of animal hosts. The ability of certain mycoplasmas to bind tightly to 
host cell membranes may afford protection against some defences such as 
mucociliary clearance and phagocytosis (CLYDE, 1983). According to 
WHITTLESTONE (1976), several mycoplasmas that cause respiratory 
infections have a particular affinity for the ciliated epithelial cells 
lining the respiratory tract and can be demonstrated at this site in 
tissues taken from infected animals. As described by HOWARD et al. 
(1986), the lung lesions caused by mycoplasma infections are largely due 
to the host’s response, and those lesions may be mediated by several 
immunological mechanisms. The persistence of mycoplasmas at the mucosal 
surface is a common feature in infections of the respiratory tract 
(HOWARD et al. 1987). It has been suggested by FERNALD (1979) that the 
lesions result from the continuing presence of antigen on the surface 
mucosa and the immune response to it, leading to the formation of the 
lymphoid accumulations seen in the lungs of mice, rats, hamsters and 
pigs after mycoplasma infection.
In mycoplasma infections characterized by host recovery, serological.
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secretory and cellular immune mechanisms are stimulated (CLYDE, 1983). 
Humoral circulating antibodies develop in response to mycoplasma 
infections, but such antibodies do not necessarily confer immunity 
against reinfection (TAYLOR-ROBINSON et al. 1972). As reported by JAIN
et al. (1969), CARROLL et al. (1976) and BENNETT and JASPER (1977),
experimental systemic and respiratory tract inoculations with M.bovis 
resulted in several measuréable immunological responses, but
immunological evidence of naturally occurring M.bovis infection in 
calves is equivocal. According to SMITH et al. (1967a), killed
M.pneumoniae vaccine stimulates circulating antibodies in man, but these 
do not always protect against challenge by living organisms. Although 
SMITH et al. (1967b) did not detect local antibodies during M.pneumoniae 
infections in volunteers, BIBERFELD and STERNER (1969; 1971) reported 
their presence in human bronchial secretions. In 1969 DAVIES failed to 
detect antibody to M.mycoides subsp. mycoides in the respiratory tracts 
of infected cattle. FERNALD and CLYDE (1970) reported that searches for 
local antibody (IgA) in secretions from the respiratory tract of 
infected hamsters have been only partially successful. Therefore, a 
consistent pattern of cellular and humoral immune responses has not been 
identified in studies on experimentally or naturally infected animals, 
"Wr in animals that have increased resistance resulting from various 
inoculation schemes (HOWARD et al. 1979; HOWARD et al. 1981; HOWARD and 
COURLAY, 1983).
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K) MYCOPLASMA INFECTIONS IN CATTLE 
K.l) RESPIRATORY TRACT
Many attempts have been made to culture mycoplasma from the bovine 
respiratory tract because of the known predilection of the type species 
M.mycoides subsp. mycoides for the respiratory tract and because of the 
frequency and importance of respiratory disease in intensively reared 
cattle (FABRICANT, 1973). According to COURLAY and HOWARD (1982), of the 
15 members of the Mycoplasmataceae which have been recovered from 
cattle, 10 came from the respiratory tract. The upper respiratory tract 
of both normal and pneumonic calves is frequently colonized with 
mycoplasmas (HAMDY and TRAPP, 1967; SPRINCER et al. 1982)^  however the 
percentage of pneumonic calves which harboir mycoplasmas in their lungs 
is greater than that of non-pneumonic calves (HARBOURNE et al. 1965; 
COURLAY and LEACH, 1970; THOMAS and SMITH, 1972; BITSCH et al. 1976).
Mycoplasma was isolated by CARTER (1954) from nasal swabs of cattle with 
shipping fever. In the following years several reports concerning calf 
pneumonia associated with mycoplasmas appeared (HAMDY et al. 1958; 
HARBOURNE et al. 1965; DAWSON et al. 1966; DAVIES, 1967). In 1966 
DAWSON et al. (1966) reported respiratory disease in a group of 
intensively reared calves, from which a Mycoplasma sp. was isolated from 
six out of twenty calves, on arrival at the farm. This agent then 
spread rapidly throughout the group and was found in all calves two 
weeks later. The mycoplasma infection resulted in a serum antibody 
response first detected in four calves by the fourth week and in 
eighteen calves by the sixth week.
40
According to KNUDTSON et at. (1986), of the ten species of 
Mycoplasmataceae cultured from bovine lungs, M.bovigenitalium, M.bovis, 
M.dispav and Uveaplasma spp. produced subclinical pneumonia when 
endobronchially and/or intratracheally introduced into gnotobiotic 
calves (COURLAY et al. 1976; HOWARD et al. 1976; COURLAY et al. 1979). 
In 1979 COURLAY et al., studying the pathogenicity of M.avginini, 
M.alkalescens, M.bovivhinis, M.canadense and M.vevecundum^veported that 
pneumonia was not produced in gnotobiotic calves by intratracheal 
inoculation of these mycoplasmas. Many species of Mycoplasma have been 
isolated from the respiratory tracts of sick calves, and in a study 
carried out by COURLAY et al. (1970) they isolated Mycoplasma species 
from 90 pev cent of lungs from calves which died with pneumonia or were 
killed in extvemis, the isolates being identified as Uveaplasma sp. (65 
pev cent), M.bovivhinis (50 pev cent) and M.dispav (30 pev cent).
M.bovis has been isolated from pneumonic calves as well as other 
diseased cattle, notably those with mastitis, arthritis and urogenital 
infections (COURLAY and HOWARD, 1979). Occurrence of pneumonia or 
pneumo-arthritis syndrome in calves associated with M.bovis has been 
reported in the United States (KEHOE et al. 1967a, 1967b), Italy
(NICRELLI et al. 1986), England (THOMAS et al. 1975), Canada (LANCFORD, 
1977), Hungary (ROMVARY et al. 1977; ROMVARY et al. 1979), West Cermany 
(PFUTZNER et al. 1980) and Japan (SHIMIZU, 1982). M.bovis was 
implicated as the primary etiologic agent in a severe outbreak of calf 
pneumonia in the south of England (THOMAS et al. 1975). The organism 
was isolated from the nasopharynx as well as from lung lesions in the 
affected calves (aged between three and five months). However 
M.bovivhinis is the mycoplasma most commonly isolated from the
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respiratory tract of calves (DAVIES, 1967; COTTEW, 1970; GOURLAY et al. 
1970; SHIMIZU, 1982). A.laidlawii has also been isolated with frequency 
(HARBOURNE et al. 1965; COTTEW, 1970; Al-AUBAIDI and FABRICANT, 1971a; 
THOMAS and SMITH, 1972). There are occasional reports of the isolation 
of n.bovigenitalium (COTTEW, 1970; AL-AUBAIDI and FABRICANT, 1971a), 
n.avginini (LEACH, 1970; JURMANOVA and KREJCI, 1971; SPRINCER et al.
1982), M.dispav (COURLAY and LEACH, 1970) and M.alkalescens (LEACH, 
1973).
In a recent study, KNUDTSON et al. (1986) identified Mycoplasma and or 
Uveaplasma species in 63 pev cent of 153 lungs from calves with clinical 
signs of pneumonia. M.dispav was detected in 39 pev cent, M.bovis in 36 
pev cent, Uveaplasma spp. in 22 pev cent and M.bovivhinis in 8.5 pev 
cent of the lungs. They reported that 30 pev cent of the lungs were 
infected with more than one speices, and the most frequent combination 
was M.bovis, M.dispav and Uveaplasma spp. (10.5 pev cent).
%n 1977 GOTO et al. (1977) reported the post-movtem examination of 9 
calves which died or were slaughtered because of pneumonia. They found 
several mixed infections of mycoplasma and other bacteria. Ureaplasmas 
were isolated from four cases and M.bovivhinis from five. Pasteuvella 
multocida, P.haemolytica, Haemophilus sp., Covynebactevium pyogenes and 
Stveptococcus sp. were isolated from seven cases. BRYSON et al. (1978) 
reported the pathological and microbiological findings on outbreaks of 
respiratory disease in housed calves. They found Pasteuvella spp.^  
Mycoplasma spp. and P13 virus the organisms most frequently recovered 
from the pneumonic lungs. They described that bronchiolitis and 
alveolitis with necrosis of bronchiolar mucosa which progressed to
42
bronchiolitis obliterans and peribronchiolar fibrosis were prominent 
histopathological features in the lungs of calves obtained live. Severe 
exudative bronchopneumoia with marked vascular damage and necrosis of 
pulmonary parenchyma were observed in the majority of calves which died 
within the first two months of the outbreaks.
According to WHITTLESTONE (1976) there is poor correlation between 
levels of serum antibody and resistance to respiratory infection, which 
means that local antibody might be of more importance. This suggestion 
has been strenghtened by the better correlation which is found to exist 
between immunity and antibody present in respiratory secretions (GOURLAY 
and HOWARD, 1982). In a study about the nasal prevalence of M.bovis and 
inhibition of haemagglutination (IHA) titres in young dairy, BENNETT and 
JASPER (1977) found that the increased nasal prevalence of M.bovis did 
not always appear to result in increased IHA titres in the problem herds 
as compared with non-problem-herds (herds witl> and without recent history 
of mastitis). BENNETT and JASPER (1977) also reported that, from all 
sera tested in either group, none was positive for growth-inhibiting 
antibody and concluded that it was an expected finding since sera from 
cows with mycoplasma mastitis and high IHA titres often fail to inhibit 
growth of the organism. The same lack of correspondence between 
isolation of M.bovis from nasal swabs and detection of serum antibodies 
was reported by LIBERAL (1986), when comparing the isolation of the 
organism from the upper respiratory tract of apparently healthy calves 
and the complement fixation titres.
In summary, the pathogenesis of respiratory mycoplasmosis can be divided 
into a number of sequential steps designated: exposure, attachment.
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toxin production, interaction with phagocytes and complement, avoidance 
of host defence mechanisms, mitogenicity and induction of a specific 
immune response. The outcome of each stage will be affected by the 
general properties of the mycoplasma species and of individual isolates 
within the spe(LÂes, as well as by properties of the animal species 
involved and the state of the animal at the time of exposure (GOURLAY 
and HOWARD, 1982).
K.2) ARTHRITIS
According to FABRICANT (1973) the first mycoplasma isolated from 
arthritic joints (excepting M.bovis) was reported by MOULTON et al. in 
1956, and the organism was later classified by AL-AUBAIDI and FABRICANT 
(1971a) as serotype "L”. Since then, other authors have reported on 
arthritis in calves caused by mycoplasmas (GOURLAY and LEACH, 1970; 
ROMVARY et al. 1979; GYLSTORFF, 1983), and it was demonstrated that 
mycoplasmas played a definitive role in the aetiology of respiratory 
diseases which were occasionally accompanied with arthritis in young 
growing calves (MOULTON et al. 1956; BUCHVAROVA and VESSELINOVA, 1973; 
ROMVARY et al. 1975; ROMVARY et al. 1977; ROMVARY et al. 1979).
M.bovis has been repeatedly isolated from arthritic lesions (JASPER et 
al. 1966; SINGH et al. 1971; HJERPE and KNIGHT, 1972; PFUTZNER et al. 
1983; BUCHVAROVA and VESSELINOVA, 1986). Other Mycoplasma species ha\rc 
also been isolated from arthritis including M.bovivhinis (AL-AUBAIDI and 
FABRICANT, 1971a) and Mycoplasma Leach group 7 (SIMMONS and JOHNSTON, 
1963; HUGHES et al. 1966; COTTEW, 1970; CORBOZ et al. 1980).
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LANGFORD (1977) reported that arthritis caused by mycoplasmas commonly 
ran its course as an exBudative inflammation with leukocytic, plasmatic 
cells, and macrophage infiltration of the periarticular tissue. In 1983 
GYLSTORFF described the pathomorphology of mycoplasma arthritis. 
According to him, the pathology of mycoplasma arthritis is highly 
variable, ranging from an acute exudative type with massive infiltration 
of polymorphonuclear leucocytes and macrophages in the synovial membrane 
and periarticular tissues to a chronic proliferative arthritis 
characterized by hypertrophy of synovial cells and villi, infiltration 
of lymphoid and plasma cells, followed by proliferation of connective 
tissue and sometimes disorganisation of cartilage. He concluded that 
the chronic arthritis gradually recovers even over a long period, 
although a life - long persistent arthritis with changing periods of 
exacerbation and recovery could only be experimentally induced in mice, 
rabbits and some rats.
K.3) REPRODUCTIVE DISORDERS
The first report on the presence of Mycoplasmatales in the cow’s vagina
and bull’s semen was made by EDWARD et at. in 1947. They isolated
»' »* 
organisms oj: the pleuropneumonia group from the vaginal material from
18 cows out of 64 examined. Similar organisms were isolated from the
semen of six bulls. The infected cows came from herds with long
histories of breeding difficulties and showed evidence of inflammatory
changes. The strains isolated were divided into two groups called ”S"
and "P” types ; the former group was considered saprophytic and the
latter potentially pathogenic (EDWARD, 1950a; 1950b). The "P" strains
required a particular growth factor, deoxyribonucleic acid (DNA), that
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was supplied through the addition of serum to their growth media, and 
were frequently isolated from animals showing inflammation of the 
genital tract such as cervicitis, bursitis and salpingitis. The "S" 
strains were capable of growing in media without serum or any special 
enrichment. The "P" strain was later named M.bovigenitalium (EDWARD, 
1954), while the "S" strain was called M.laidlcadii (EDWARD, 1954) later 
renamed A.laidlowii (EDWARD and FREUNDT, 1970).
In 1949 a mycoplasma was isolated from bull’s semen by NIELSEN (1949) 
and there was a suspicion of infertility in cows served by this bull. 
ALBERTSEN (1955) isolated mycoplasmas from the semen of 33 of 35 bulls 
tested. He classified all but one strain as M.bovigenitalium, and 
neither fermentation reactions nor complement fixation tests revealed 
any differences within the species. In 1953 TERPSTRA reported the 
isolation of mycoplasmas from prepuce of bulls and vagina of cows. 
BAKOS et al. (1959) reported on the incidence of mycoplasmas in genital 
tracts of cattle, and SPECK (1962) isolated mycoplasmas from semen and 
preputial washings from 15 of 93 bulls, and from 6 of 226 vaginal 
washings from cows from herds with a low conception rate. In the same 
year BARBER and FABRICANT (1962) reported,for the first time in USA,the 
isolation of mycoplasmas from bull semen, and they succeeded in getting 
positive results from 14 of 36 bulls tested.
The pathogenicity of mycoplasmas for the female genital tract was proved 
in 1964 by HARTMAN et al. They published results of infusion of the 
uterus of 8 heifers with 7 to 9ml of a broth culture of M.bovis, which 
they had isolated previously as a natural pathogen for the udder (HALE 
et al. 1962). The isolate produced various degrees of endometritis.
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salpingitis and salpingoperitonitis. In 1966 HIRTH et al. added the 
same strain of mycoplasma to bull semen prior to processing and freezing 
in liquid nitrogen. They demonstrated that the organism survived this 
treatment and was able to produce bilateral and chronic suppurative 
salpingitis, and various degrees of endometritis in 4 to 12 heifers, 
o’BERRY et al. (1966) isolated a mycoplasma from a naturally aborted 
foetus and VOLINTIR et al. (1971) recovered M.bovigenitalium from liver 
and lung of two calves born prematurely. Many further isolations have 
been recorded from the upper and lower genital tracts (AFSHAR, 1967; 
ERN(j) et al. 1967; AFSHAR, 1975; BALL and McCAUGHEY, 1979; UNGUREANU et 
al. 1986).
TAYLOR-ROBINSON et al. (1968) found ureaplasma in the genital tract of 
cattle, which is considered the most common site of colonization and the 
natural reservoir of these organisms. Although the isolation of 
ureaplasmas from the urogenital tract has been well recorded (HOWARD et 
al. 1973; LANGFORD, 1975; BALL and McCAUGHEY, 1979), according to BALL 
et al. (1981) their role in this region has not been fully assessed, 
although they have been implicated in granular vulvitis (RUHNKE et al.
1978).
M.bovis has been found in the bovine reproductive tract and in semen, 
although less frequently than M.bovigenitalium, M.canadense, A.laidlowii 
and ureaplasmas (LANGFORD, 1975; FRIIS and BLOM, 1983; BLOM et al. 
1983). Although the production of clinical signs in experimentally 
infected cattle have been reported (HARTMAN et al. 1964; HIRTH et al. 
1966), the role of M.bovis in genital infections remains unclear.
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Another well known problem caused by mycoplasma is in the mammary glands 
of cows. DAVIDSON and STUART (1960) briefly reported outbreaks of 
bovine mastitis caused by mycoplasma, and in 1963 STUART et al. 
described the detailed findings of their studies and classified the 
organism as M.bovigenitalium. The first report about an outbreak of 
mastitis caused by M.bovis was done by HALE et al. (1962) in the United 
States. In 1963 CARMICHAEL et al. published a review about mastitis 
problems associated with Mycoplasma spp. where the characteristics of 
the mycoplasmas, clinical signs, pathology, epizootiology diagnosis, 
prevention and treatment of the disease are reported. Since then, the 
isolation of mycoplasmas from milk and from cases of bovine mastitis 
(BAR-MOSHE, 1964; CONNOLE et al. 1967) has been reported from various 
parts of the world.
In 1967 KARBE et al. inoculated M.bovis cultures intracisternally into 
17 udder quarters of 7 cows and monitored the time-course of development 
of gross lesions and histopathological changes in animals slaughtered at 
different intervals between post-infection days 1 to 203. The 
production of mastitis accompanied by eosinophilic infiltration was 
reported by KARBE and MOSHER (1968) after intracisternal inoculation of 
the toxin obtained from sonicated cultures of M.bovis. The first 
demonstration of antibody in milk due to experimentally induced mastitis 
was reported by ERN(j> (1971),djtef inoculating M.bovigenitalium in the 
left and right quarters of a cow. Microbiological and
pathomorphological studies were carried out by BUCHVAROVA and 
VESSELINOVA (1973) on 18 cows experimentally infected with several 
Mycoplasma strains, including M.bovis isolated from nasal secretions of 
calves as well as standard strains. They succeeded in producing
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clinically apparent or subclinical mastitis but reisolation of
mycoplasmas from the milk and parenchyma of the mammary gland occurred 
only in a single case.
According to GOURLAY et al. (1972) and HOWARD et al. (1973), when the 
pathogenicity of bovine T-mycoplasmas (both virulent and avirulent 
strains) was examined by inoculation through the teat canal into the 
mammary gland of cows, some strains caused clinical mastitis whereas 
other caused either subclinical or no mastitis. HOWARD et al. (1974),
studying the immunity in T-mycoplasma mastitis,concluded that the udder 
haoL proved a satisfactory model for studying immunity to T-mycoplasma 
infections : animals which have resolved an infection with one
serological type should be resistant to infection with the same serotype 
but susceptible to infection with a different serotype. According to 
them, the finding that immunity is largely strain specific means that 
vaccination with one serotype is unlikely to protect against infection 
with all T-mycoplasmas, because they are a serologically diverse group 
of micro-organisms (PURCELL et al. 1967; HOWARD and GOURLAY, 1973).
Other Mycoplasma species have been found to cause mastitis in cattle. 
These species included M.alkalescens (BROOKBANKS et al. 1969; DELLINGER 
et al. 1977), M.arginini (GOURLAY, 1973), M.canadense (DELLINGER and 
JASPER, 1972; RUHNKE and ONOVIRAN, 1975; LANGFORD et al. 1976), 
M. califormicum (JASPER, 1977; JASPER et al. 1981; MACKIE et al. 1982), 
M.bovivhinis (BROWNLIE et al. 1976; JASPER, 1979), and M.dispav 
(BROWNLIE et al. 1976).
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The role of Acholeplasma species ^ 'causing mastitis is still not well 
known. In 1969 PAN and OGATA (1969a; 1969b) reported the isolation of a 
new serotype of "Mycoplasma" laidlawii from mastitic milk and urogenital 
tracts of cattle. ERFLE and BRUNNER (1977) reported an outbreak of non- 
bacterial mastitis from which A,laidlawii was isolated from the udder 
tissue of infected animals whose sera also contained antibodies against 
this organism. The disease was reproduced in 2 healthy cows following 
experimental infection with A.laidlowii. In the same year, WEHNERT et 
al. (1977) described the epidemic occurrence of mastitis caused by
A.laidlowii and A.axanthum in a large dairy cattle herd. They reported 
the symptoms in both lactating and dry cows as well as the clinical, 
microbiological, pathological and histological data. A severe outbreak 
of bovine mastitis was reported by COUNTER (1978) from which 
M.bovigenitalium and A.laidlowii were isolated. Antibodies against
A.laidlawii were found in 13 out of 34 sera although no antibodies were 
detected against M.bovigenitalium. The isolation of A.laidlawii and
A.axanthum from mastitic milk was well reported in 1979 by BUCHVAROVA 
(1979) (with the isolation of A.modicum as well), HAUKE (1979), PFUTZNER 
and SCHIMMEL (1979) and WEHNERT (1979). In 1982, PAL et al. (1982) 
described the isolation of M.bovigenitalium and A.laidlowii from 
mastitic milk of a cow and a buffalo in India. One year later, 
BAUMGARTNER (1983) described the isolation of A.laidlowii and A.axanthum 
from milk, semen, nasal swabs and aborted fetuses, and SEFFNER et al. 
(1983) reported an experimental mastitis after intracisternal 
inoculation of M.bovigenitalium and A.laidlowii. KATOCH et al. (1983) 
published a paper about the association of mycoplasmas with mastitis in 
dairy animals, and the isolation of a A.oculi strain from a mastitic 
milk.
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In summary, mycoplasma mastitis is appearing more frequently in 
geographic areas within and between countries as reported by JASPER 
(1981) in a review entitled "Bovine Mycoplasma Mastitis". The most 
frequent cause of bovine mastitis is recognised to be due to M.bovis and 
it was reviewed in a report called "Mycoplasma bovis mastitis" published 
by BOUGHTON (1979).
K.4) CONJUNCTIVITIS
The association of conjunctivitis with uncultivable organisms that 
resembled rickettsias was reported by COLES in 1936. When studying 
smears of conjunctival scrapings from cases of ophthalmia, he found 
pleomorphic intracellular, gram negative, non-acid-fast organisms, 
showing various shades of red and blue when stained by Giemsa . He 
described the organism to belong to the Rickettsia group, and proposed 
the name Bickettsia conjunctivae bovis. It was not until 1969 that 
mycoplasmas were shown to be present in large numbers in cattle eyes 
(LANGFORD and DORWARD, 1969). In the same year, the cultivation of 
mycoplasmas from eyes of cattle with keratoconjunctivitis was reported 
in the UK by GOURLAY and THOMAS (1969). They isolated several strains 
of mycoplasma which were later characterized as M.bovivhinis, 
M.bovoculi, T-mycoplasma and A.laidlowii (LANGFORD and LEACH, 1973). 
Since then,investigators have documented the presence of several species 
of mycoplasmas in bovine eyes (GOURLAY et al. 1974; JACK et al. 1977; 
FRIIS and PEDERSEN, 1979; GOTO et al. 1979; KELLY et al. 1983).
Although the etiologic role of Movaxella bovis in infectious bovine 
keratoconjunctivitis (IBK) is well established,the apparent requirement
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for the presence in the eye of other associated factors such as 
mycoplasma infections, infectious bovine rhinotracheitis (IBR) 
infections, and solar ultraviolet (UV) radiation has been recognised 
(WILCOX, 1968). In experimental work carried out by NAYAR and 
SAUNDERS (1975a; 1975b), one or both eyes of 20 calves were inoculated 
one or more times with various combinations of micro-organisms, e.g. 
live or killed Movaxella bovis, IBR virus, bovine adenovirus, bovine 
parainfluenza-3 virus and M.bovoculi, by conjunctival instillation or 
direct inoculation of the conjunctiva or cornea. The eyes of all the 
calves received natural or artifical ultraviolet irradiation. Neither 
the adenovirus nor parainfluenza-3 virus became establised in the eye or 
produced keratoconjunctivitis. Both Movaxella bovis and IBR virus 
became established in the eye and produced disease. Only the 
intracorneal inoculation of M.bovoculi produced severe 
keratoconjunctivitis. In 1979 FRIIS and PEDERSEN showed that colostrum- 
deprived calves infected with M.bovoculi developed IBR after Movaxella 
bovis super infection.
According to ROSENBUSCH and KNUDTSON (1980) M.bovoculi is responsible 
for the production of a seasonal conjunctivitis distinct from the
v' II
keratoconjuctivitis characteristic of bovine pinkeye. In 1982 a strain 
of A.laidlowii was isolated for the first time from a case of
conjunctivitis in a buffalo calf (SRIVASTAVA et al. 1982). In the same
year, ROSENBUSCH and KNUDTSON (1982) studied an epizootic conjunctivitis 
in eight cattle herds within the state of Iowa. M.bovoculi was present
in the eyes of cattle from all affected herds (eye swab samples and
conjunctival scrapings). Uveaplasma species were isolated from the eyes 
of cattle in three affected herds. No other micro-organisms including
52
chlamydiae and viruses were involved in these outbreaks. ROSENBUSCH 
(1983) reported the effect of mycoplasma infection {M.bovoculi and 
Uveaplasma sp.) on the pathogenicity for calves of 1 strain of Movaxella 
bovis. He found that preinoculation with Uveaplasma sp. led to a 
markedly different response than M.bovoculi preinoculation. Calves 
inoculated with Uveaplasma sp. reacted like calves without such 
mycoplasmal infection when challenge-exposed to Movaxella bovis strain 
118F. He concluded that the role of M.bovoculi in the enhancement of 
Movaxella bovis pathogenicity has to be taken into account in experimental 
infection and epizootiologic studies. In 1985 he reported the etiology 
and pathogenesis of bovine pinkeye (ROSENBUSCH, 1985) where a list of 
mycoplasmas isolated from bovine eyes are given, including M.bovoculi,
M. vevecundum (GOURLAY et al. 1974) and U.divevsum as causative of 
conjunctivitis; M.bovis as causative of respiratory disease; and 
M.bovivhinis, A.laidlowii and A.oculi as apathogenics.
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TESTS EMPLOYED IN THE PROJECT FOR CHARACTERIZATION OF Mycoplasmatales 
AND SERODIAGNOSIS OF Mycoplasma bovis INFECTIONS
I. BIOCHEMICAL TESTS
A) DEPENDENCE ON STEROLS
Although the majority of mycoplasmas require media enriched with serum, 
it has long been recognised that some, the so-called "saprophytic" 
strains such as the sewage isolates of LAIDLAW and ELFORD (1936), can 
grow without serum and thus do not require sterol.
The importance of cholesterol in the cultivation of pleuropneumonia-like 
organisms was first suggested by the observations of PARTRIDGE and 
KLIENEBERGER (1941). They showed that oily globules found in colonies 
of the LI organism consisted largely of free cholesterol. The amount of 
cholesterol associated with the organisms in the culture was 
comparatively large, the total lipid which could be extracted from the 
organisms was about 40 per cent of their dry weight and about 40 per 
cent of this was cholesterol. It did not appear that this cholesterol 
was synthesized by the organism, for there was shown to be a decrease of 
cholesterol in the medium during growth. The authors failed to obtain 
growth by adding cholesterol or cholesteryl palmitate instead of serum 
to the medium.
In 1951, EDWARD and FITZGERALD Studied the importance of cholesterol in 
the growth of organisms of the pleuropneumonia group. They reported 
that representative strains of the pleuropneumonia group originally
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isolated from animals grew well on a basal medium containing infusion 
broth, peptone, yeast extract and agar, when this was further enriched 
with horse serum. The serum could be replaced by an ether extract of 
egg-yolk, and fractionation of this suggested that cholesterol might be 
the active substance promoting growth. Growth was obtained when
0.01 mg/ml cholesterol was added to the basal medium, together with 
starch or bovine albumin. No growth was obtained when starch, bovine 
albumin or the acetone-insoluble lipid was added to the medium without 
cholesterol. These findings were confirmed by SMITTH et al. (1954), 
SMITH and LYNN (1958) and RODWELL (1963).
Digitonin in liquid media was shown by SMITH and ROTHBLAT (1960), later 
confirmed by RAZIN and SHAFER (1969), to have a selective lytic effect 
which distinguished Mycoplasma from Acholeplasma species. An inhibitory 
effect by sodium-polyanethol-sulphonate (SPS), a synthetic heparinoid, 
on mycoplasmas, and the demonstration of the selective activity of SPS, 
as members of the genus Acholeplasma were resistant, was described by 
EVANS et al. (1967); KUNZE (1971); ANDREWS and KUNZE (1972); FREUNDT 
(1972) and KUNZE and FLAMM (1972).
As bacteria, even in their L-phase, do not require sterol,a requirement 
for sterol has been used in attempts to define the Mycoplasmatales 
(EDWARD and FREUNDT, 1969) , and it was one of the reasons for removing 
this order from the Schizomycetes and establishing for it a new class 
(INTERNATIONAL COMMITTEE ON SYSTEMATIC BACTERIOLOGY, 1967) named 
Mollicutes (EDWARD and FREUNDT, 1967). However, it is not sufficient to 
rely on whether or not the organism can grow on a serum-free medium. 
Carry-over from one subculture to another of sufficient nutrient may
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permit a sterol-requiring strain to grow for several subcultures on 
serum-free media. On the other hand, according to TULLY and RAZIN 
(1969), a strain not requiring sterol may fail to grow on a medium devoid 
of serum, because the serum was providing some other essential 
nutrients, e.g. fatty acids.
RAZIN and TULLY (1970) tested cholesterol requirement for growth of 
mycoplasmas in a serum-free medium supplemented with albumin, L- 
arginine, palmitic acid, and various concentrations of cholesterol 
dissolved in Tween 80. Of the 31 species examined, all but 
"M.laidlcwii", "M.grcmulajnm" and "Mycoplasma” strain S-743 exhibited a 
growth response to cholesterol. No requirements for cholesterol could 
be shown with stable L-phase variants of Streptobacillus moniliformis 
and Proteus species. They concluded that the results provided 
experimental support for the view that the large majority of the 
established Mycoplasma species required cholesterol for growth. 
Identical results were obtained by ROTTEM et al. (1971) in a study of T- 
mycoplasmas.
In 1970, the taxonomic importance of sterol requirement for mycoplasmas 
was reviewed by EDWARD and FREUNDT (1970), and it was proposed that the 
Mycoplasmatales should be divided into two families: Mycoplasmataceae 
(genus Mycoplasma) for sterol requiring species, and Acholeplasmataceae 
(genus Acholeplasma) for species not requiring sterol.
At present, the order Mycoplasmatales is divided into families on the 
basis of nutritional and morphological criteria, according to the 
INTERNATIONAL COMMITTEE ON SYSTEMATIC BACTERIOLOGY (1979). The
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distinction between family I, Mycoplasmataceae, and family II, 
Acholeplasmataceae ^ is based on dependence on sterol for growth: the
former is dependent on sterol and the latter, as its name implies, is 
not.
STEROL REQUIREMENT TEST
There are two different ways to test the dependence on sterols for 
Mycoplasmatales, on E plates, as follows :
1. by attempting to grow the strain isolated on plates of E agar with 
and without serum (EDWARD, 1971)
2. by the use of a reagent which makes the sterols in standard E agar 
unavailable to the organism (FREUNDT et'^ al. 1973).
In this project, the second method was chosen to perform the test. The 
reagents used were sodium-polyanethol-sulphonate ("Liquoid" - Roche 
Diagnostics) and digitonin (POH Chemicals Ltd), using impregnated filter 
paper discs.
B) GLUCOSE FERMENTATION
The organisms included in Mollicutes divide into two large groups, 
fermentative and non-fermentative mycoplasmas, according to their 
ability to metabolize sugars, specifically glucose (RAZIN and CIRILLO, 
1983).
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Fermentation of carbohydrates by PPLO was first demonstrated by EDWARD 
(1950b), who inoculated serum agar plates containing 1 per cent 
carbohydrate and 0.005 per cent phenol red. He showed that some 
organisms of the PPLO group ferment carbohydrates while others appear to 
lack this power. All the strains with fermentative capabilities tended 
to form acid from the same carbohydrates; all fermented glucose, 
maltose, dextrin, starch and glycogen, and some also fermented fructose, 
galactose and mannose. He found that no strains were capable of 
fermenting the other carbohydrates tested, including lactose, 
saccharose, mannitol and dulcitol, and concluded that this similarity in 
fermentative power suggests that the various organisms of the group are 
closely related to each other.
Since then, a large variety of tests has been proposed for the 
classification of Mycoplasmatales, and these were standardized by 
ALUOTTO et al. in 1970. In 1972, the INTERNATIONAL COMMITTEE ON 
SYSTEMATIC BACTERIOLOGY required that minimal standards for description 
of new species of the Order Mycoplasmatales should include (among 
others) the ferment of glucose (preferably under both aerobic and
anaerobic conditions of growth), hydrolysis of arginine, hydrolysis of 
urea and, for species of the family Acholeplasmataceae, production of 
carotenoids (RAZIN and CLEVERDON, 1965; TULLY and RAZIN, 1968).
Although the great majority of Mycoplasma species are either glucose- 
positive or arginine-positive, a few attack neither substrate and some 
are capable of metabolizing both. The heterogeneity characterizing the 
Mycoplasmataceae with respect to glucose/arginine catabolism is in sharp 
contrast to the pattern exhibited by species of the family
58
Acholeplasmataceae, all of which catabolize glucose but not arginine 
(FREUNDT and EDWARD, 1979).
The techniques for determining glucose breakdown are based either on the 
demonstration of a drop in pH during growth of the organism in the 
presence of glucosej or on more direct measurements, either of glucose 
destruction or determination of its acid fermentation products, or of 
activity of hexokinase, a key enzyme in glycolysis (RAZIN and CIRILLO, 
1983).
In this project, glucose-fermenting organisms were identified using
E broth, in which strong acid production can be observed. Some strongly 
growing Mycoplasmatales can produce weak acidification of E broth, 
although they do not ferment glucose; and some need to be adapted to the 
artificial medium, by several passages, showing the
characteristic reaction of acidification.
II. SEROLOGICAL TESTS
A) GROWTH INHIBITION
The inhibition of growth of pleuropneumonia-like organisms by antibody 
was first described by EDWARD and FITZGERALD in 1954. BAILEY et al 
(1963) studied the growth inhibitory properties of Mycoplasma antibody. 
They concluded that the antiserum fraction responsible for inhibition of 
Mycoplasma growth is apparently a nondialysable, water-insoluble 
globulin and since this antibody fraction can be dissociated from 
prepared Ag-Ab complexes and remain active in agglutination as well as
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inhibition tests, the responsible globulins in both instances may be the 
same. In the same year, JENSEN (1963) reported the measurement of 
growth-inhibiting antibody for M.pneumoniae.
The application of this property of mycoplasma antibodies to serotyping 
of the organisms was developed by CLYDE (1964). He described in 1964 a 
technique that measures a decrease in the number and/or size of 
Mycoplasmatales colonies formed on agar medium in the presence of 
homologous antisera. Since then, several modifications of the method 
have been described (STANBRIDGE and HAYFLICK, 1967; DIGHERO et al. 1970; 
BLACK, 1973).
Because of its specificity and simplicity, the growth inhibition test 
(GIT) is now one of the most commonly used for the identification and 
classification of Mycoplasma and Acholeplasma species (ERN0 and 
JURMANOVA 1973; JURMANOVA et al. 1975; STALHEIM et al. 1975; HOWARD et 
al. 1976). Although T-mycoplasmas have been reported not to be 
inhibited by their homologous hyperimmune sera, when tested with the 
paper disc technique (PURCELL et al. 1966a; 1966b)* In 1973 BLACK
reported some modifications of the GIT and its application to human T- 
mycoplasmas.
BLACK (1973) described in detail the variables which influence the GIT 
performed on solid medium. The factors that he found were the inoculum 
size and amount of antiserum (as previously described by EDWARD and 
FITZGERALD, 1954; CLYDE, 1964; DIGHERO et al. 1970), as well as the 
method of applying the antiserum, the incubation temperature and the pH 
of the agar medium.
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In this project, a slight modification has been made to the technique 
described by CLYDE (1964). A 24 to 48 hours culture of the organisms 
was subcultured on E plates using the running drop technique (ERN0 and 
STIPKOVITS, 1973). The streak of culture was allowed to dry at room
temperature. A small piece of the streak was removed, making a small 
well in which the specific antiserum against each organism to be studied
was put. In this way the specific antiserum was allowed to diffuse into 
the agar, and if the organism tested was of the same species as that to 
which the antiserum was made an inhibition of growth would be observed.
B) FILM AND SPOTS INHIBITION
In 1954, EDWARD reported that cultures of certain PPLO organisms 
produced a peculiar "pearly" film, together with small spots in the 
medium, during prolonged incubation on 20 per cent horae serum agar 
medium. The spots were shown to consist of calcium and magnesium soaps, 
and he suggested that the film contained, amongst other things, 
cholesterol and phospholipid. This phenomenon he termed the "film and 
spots reaction", and it has been used in the classification of 
mycoplasmas (FREUNDT, 1958). FABRICANT and FREUNDT (1967) demonstrated 
a marked influence of the composition of the culture medium on the 
production of "film and spots". A medium containg pig serum and egg 
yolk yielded the greatest number of positive reactions.
Film inhibition (FT) was first used as a sérodiagnostic test by RUHNKE 
et at. (1976). They concluded that the FI test on serum from suspected 
animals appeared to be useful to indicate whether the animal has had a 
past infection with H.boviSt although acute and convalescent (4 to 8
61
weeks) samples were necessary for estimation of time of infection, since 
the test remains positive in some individuals for 6 to 12 months.
The identification of the products of the "film and spots" reaction of 
M.bovis and M.bovigenitalium was reported by THORNS in 1978(a). They 
were identified as a mixture of phospholipids, neutral lipids and water- 
soluble products. THORNS and BOUGHTON (1978) examined sera from young 
cattle known to be infected with M.bovis, using the FI test. They found 
that sera from naturally infected animals produced film inhibition but 
sera prepared in the laboratory generally showed weak or no activity. 
They concluded that the disc film inhibition test (DFIT) has advantages 
for serodiagnosis, in both sensitivity and specificity, over the 
complement fixation test. They proved that sera against M.bovis do not 
inhibit film production by M.bovigenitalium, although the film produced 
by the two species appears chemically the same. In the same year, 
THORNS (1978b) determined the class of antibody detected by the DFIT as 
an IgG immunoglobulin. His results suggested that film - inhibiting 
antibodies are restricted to the IgG class and probably the IgG2 
subclass. So these results can explain the observations made earlier by 
THORNS and BOUGHTON (1978) that film inhibiting antibodies lag behind 
complement fixing antibodies in the immune response, as in the FI test 
only IgG2 class antibodies, which would be expected to develop later 
than the first complement fixing antibodies, are detected.
In this project the DFIT was used for the identification of M.bovis 
isolates, essentially as described by THORNS and BOUGHTON (1978).
62
G) ENZYME-LINKED IMMUNOSORBENT ASSAY 
C.l) INTRODUCTION
In 1967, GATT and TREGEAR described the ability of antibody to adsorb to 
a plastic surface (polystyrene and polypropylene tubes), and applied 
this phenomenon in radioimmunoassay (RIA) by coating the interior of 
plastic tubes with uniform quantities of specific antibody. AVRAMEAS 
(1969) described the coupling of enzymes to proteins with glutaraldehyde 
and the use of the conjugates for the detection of antigens and 
antibodies. In the same year, AVRAMEAS and TERNYNCK (1969) reported the 
cross-linking of proteins with glutaraldehyde and its use for the 
preparation of immunoadsorbents. In 1971, ENGVALL and PERLMANN 
described for the first time an assay for the determination of rabbit 
IgG in which, instead of labelling the antigen with a radioactive 
isotope, they conjugated it with an enzyme, alkaline phosphatase from 
calf intestinal mucosa, and called the assay an Enzyme-Linked 
Immunosorbent Assay - ELISA. In the same year, van WEEMEN and SCHUURS 
(1971) published the use of enzyme-antigen conjugates in immunoassays. 
ENGVALL and her colleagues (1971) reported in a second paper a 
quantitative assay of protein antigen, immunoglobulin G, by means of 
enzyme-labelled antigen and antibody-coated tubes. They concluded that 
the ELISA test was of very high sensitivity, fully comparable to that of 
RIA or to assays making use of antigen conjugated with bacteriophages. 
They claimed that the enzyme-conjugated anti-immunoglobulin could also 
be used for quantitation of specific antibodies at very low 
concentration, which was then confirmed by a further publication 
(ENGVALL and PERLMANN, 1972), where the ELISA was shown to have the 
advantages of using more stable reagents and requiring less specialized 
equipment as compared with RIA.
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Among other assays that employ labelled antibodies or antigens for the 
diagnosis of infectious disease, immunofluorescence and radio­
immunoassay are very largely used. The immunofluorescence test is not 
easy to quantify for antibody assays. RIA, although highly sensitive 
and permitting precise quantification, has some restrictions such as the 
rapid decay of the isotope labels, the complex equipment necessary for 
their assessment, and the medical hazard (VOLLER et al. 1976).
Since then, immunoenzyme methods have been successfully applied to the 
localization of intracellular antigens at both the light and electron 
microscope levels, and the same general principle has been employed to 
detect soluble antigens and antibodies in body fluids. Immunoenzyme 
assays were therefore developed as alternatives to RIA (WORLD HEALTH 
ORGANIZATION, 1976).
Enzyme immunoassays (EIA) have been widely used for quantitative 
determination of antigen or antibodies in a variety of infectious 
diseases (WISDOM, 1976; YOLKEN et al. 1978; ARAUJO and REMINGTON, 1980; 
PEPPLE et al. 1980; VOLLER et al. 1980; YOLKEN, 1980). EIA systems are 
based on the binding of enzyme-labelled immunoreactants to a solid phase 
by a series of antigen-antibody reactions. The amount of enzyme bound 
in these reactions is measured by an enzyme-substrate reaction (YOLKEN 
and LEISTER, 1981).
C.2) Nomenclature of assays using enzyme as labels (SCHUURS and 
VAN WEEMEN, 1977; CLARK and ENGVALL, 1981)
EIA = Enzyme Immunoassay : means every method in which the extent of
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binding of enzyme-labelled antigen, hapten or antibody to its immune 
reactant is measured. EIA are classified into two groups:
(1) ELISA = Enzyme-Linked Immunosorbent Assay : is a heterogeneous EIA, 
in which the enzyme-labelled antigen or antibody is separated from 
the enzyme-labelled antigen-antibody complex before measurement of 
enzyme activity in either fraction.
(2) EMIT = Enzyme-Multiplied Immunoassay Technique : is a homogeneous 
EIA, in which the enzyme activity of labelled antigen is measured 
in the presence of labelled antigen-antibody complex, the enzyme 
moiety of which is sterically inhibited.
C.3) Tÿpes of Enzyme-Linked Immunosorbent Assays (VOLLER et al. 1979)
ELISAs have been classified as either competitive or non-competitive 
assays, depending on whether the technique involves a reaction step in 
which unlabelled antigen and antigen linked to an enzyme or attached to 
a solid phase compete for a limited number, of antibody binding sites, or 
whether the antigen or antibody to be measured is allowed to react alone 
with an excess of immune reactant (CLARK and ENGVALL, 1981).
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A. COMPETITIVE ASSAYS
A.l) Competitive ELISA using antigen-enzyme conjugate and Immobilized 
antibo(ty
A. 2) Competitive ELISA using antibody-enzyme conjugate and immobilized 
antigen
In both tests, the measured product concentrations are inversely
proportional to the concentration of standard or test antigen in the 
incubation solutions.
A.3) Inhibition ELISA for the detection and assay of antigens or small 
molecular weight substances - as in a competitive assay, high antigen 
concentration results in less colour at the end of the test.
B) NONCOMPETITIVE ASSAYS
B.l) Double Antibodÿ Sandwich Method
B.2) Modified Double Antibody Sandwich Method
In both tests, the colour change is proportional to the amount of
antigen in the test solution. In the modified method the second 
antibody used to perform the test is from a different animal species, 
i.e. the first could be rabbit specific antibody and the second goat 
specific antibody.
B.3) Indirect Method for the detection and measurement of antibodies, 
in which the amount and rate of colour change is related to the amount
of antibody in the test serum. This method is normally used for IgG
detection.
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B.4) Solid Phase Anti-I^ ELISA for the detection and measurement of 
IgM antibody, especially in viral diseases. The colour change is 
proportional to the amount of virus specific IgM in the serum tested.
C.4) Characteristics of ELISA methods (SCHUURS and VAN WEEMEN, 1977; 
CLARK and ENGVALL, 1981)
C.4.1 - Accuracy
This is the extent to which the mean result of a large number of 
determinations coincides with the true value. It is dependent upon 
a) the immunological specificity or purity of the reagents; b) the 
correct handling and assaying of the sample ; and c) the use of an 
appropriate standard. The accuracy of an ELISA can be assessed by 
measuring the recovery of added authentic antigen from the test 
solutions, and by correlating assay results with those obtained using 
other methods.
C.4.2 - Specificity
The immunological specificity of ELISA depends mainly on the following 
factors: a) the purity of the antigen preparation; b) the nature and 
purity of the immunogen (for haptens); c) the specificity profile of the 
antiserum; and d) the degree of recognition between the labelled 
reactant and its immune counterpart. The purity of antigens and the 
quality of an antiserum may be assessed by immunological techniques such 
as immunodiffusion or immunoelectrophoresis. However, this is not an 
absolute guarantee of specificity if such reagents are to be used in a
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different and generally more sensitive assay system. Retesting in the 
latter system is therefore necessary.
C.4.3 Sensitivity
Comparisons between sensitivities of assays are difficult for the 
following reasons :
1) The way in which sensitivity is expressed.
l.a - The lowest amount or concentration giving a response which 
differs significantly from the zero concentration response 
(detection limit).
l.b -The concentration causing 50 per cent response.
l.c - Concentration per ml of original test fluid, or 
concentration per ml of reaction mixture, or amount of material 
per tube.
l.d - A single range of concentrations in which the test can be 
performed.
l.e - Different standardizations based on weight, or on units with 
or without internationally accepted significance.
l.f - Highest dilutions of antigen-or antibody- containing serum 
giving a positive reaction (titre).
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2) Sensitivities are dependent on the affinity of antigen-antibody 
reactions and can therefore be influenced by the quality of the 
antisera.
3) Sensitivities depend on the nature and molecular weight of antigen 
or hapten, so that sensitivity comparisons between different 
antigens or haptens may be of questionable value. Morever, there 
is no standardization.
4) Assay conditions are of the utmost importance : type of assay,
type of sample fluid, dilution of sample fluid needed to avoid 
interference, reagent concentrations, order in which reagents and 
samples are allowed to react with each other, incubation 
temperature and incubation period.
5) Nature and degree of coupling of label differ : size of label, 
detectability of the label, molar ratio label/antigen or 
label/antibody, degree of purification.
Two major factors limit the sensitivity of the ELISA, the binding 
affinity between antigen and antibody and the level of detection of the 
enzyme employed as label. When RIA and ELISA methods for the same 
antigen and antibody combination are compared, any loss of sensitivity 
in the ELISA may be ascribed to a decrease in the antigen-antibody 
binding affinity. The decreased affinity may result from structural 
changes accompanying the coupling of enzyme to antigen or antibody, 
and/or it may be caused by molecular distortion in the immobilized 
antigen or antibody. However, despite the possible occurrence of these
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effects, direct comparisons of EIA and RIA have revealed that the two 
methods have nearly the same sensitivities (ENGVALL et al. 1971; WOLTERS 
et al. 1976).
C.4.4 - Precision and Reproducibility
Precision is a measure of the extent of variation in a series of assays 
performed on the same samples, and is given as the intra-assay 
variation, while reproducibility is described as the inter-assay 
variation.
One source of intra-assay variability in ELISA methods may be nonuniform 
adsorption of antigen or antibody on to plastic surfaces during the 
immobilization step. This may be caused by inhomogeneities in the 
plastic materials, or may arise from nonuniform - charge effects over 
the plastic surface. These sources of variability are difficult to 
control (CLARK and ENGVALL, 1981).
C.5) Technical procedures in ELISA tests (WORLD HEALTH ORGANIZATION, 
1976)
C.5.1) The antigen
Antigens used for ELISA are soluble, but can be made insoluble by 
adsorption to a solid phase. All antigen preparation must be tested 
against reference sera, and stable antigen must be prepared in order to 
ensure optimal reproducibility. The optimal antigen concentration 
should be established by chequerboard titration.
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Most antigens adhere to polystyrene and polyvinyl surfaces by physical 
adsorption. At present it is not known what part of the antigen is 
preferentially bound to the solid phase. Coating of the surface seems 
to depend on the quality of the polystyrene or polyvinyl surface, among 
other factors. So chequerboard titrations using standard antigens, 
antisera and conjugates are recommended for assessment of the binding 
capacities of new batches of polystyrene or polyvinyl plates. The 
adsorption of antigen to a solid phase is also dependent on time, 
temperature and pH. Prolonged adsorption procedures (overnight) at 4°C 
seem to give a more uniform coating.
C.5.2) Washing steps
Washing is performed in three or four steps, depending upon the kind of 
ELISA method used (for instance indirect or sandwich methods). In an 
indirect ELISA, the washing steps are: 1) after wetting the surface with 
antigen directly before the assay; 2) after serum incubation; and
3) after incubation with the conjugate. Carbonate-bicarbonate buffer 
(CBB) pH 9.6 or phosphate-buffered saline containing Tween 20 (PBST) 
pH 7.2 can be used in the first step as a washing fluid. In the 
following steps, preference is given to PBST, as it seems to help in the 
binding process. The washing steps consist of rinsing the plates from 3 
to 4 times for 3 to 5 minutes each, and can be done either by hand or 
automatically using a plate washer.
C.5.3) Serum dilution
Serum dilutions may be made in PBS containing Tween 20. Some authors
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claim that the addition of 5g/l bovine serum albumin (BSA) decreases 
non-specific (i.e. background) staining (WORLD HEALTH ORGANIZATION, 
1976).
When ELISA is performed by testing at one serum dilution only the 
appropriate dilution is found by carrying out a preliminary test with 
positive and negative reference sera, and the dilution that is found to 
give maximum differentiation in extinction values between the known 
positive and negative sera is then used. If the ELISA test is used for 
determining endpoint titres, several dilutions of the test sera should 
be used.
C.5.4) Conjugate
Alkaline phosphate and horseradish peroxidase have usually been used as 
the marker enzyme. Commercially available conjugates are prepared using 
the glutaraldehyde coupling method with peroxidase.
The optimal conjugate dilution to be used in the test should be 
determined by chequerboard titration. In order to obtain the maximum 
differences between positive and negative sera, the extinction values of 
the control conjugate (i.e. antigen coated well, incubated with 
conjugate and substrate) should be negligible. Some authors describe 
the use of BSA solution (40g/l with PBST) for decreasing background 
staining as a diluent for the conjugate (WORLD HEALTH ORGANIZATION, 
1976).
For visual assessment, an excess of conjugate is used so that maximum
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discrimination between positive and negative serum is achieved. In 
cases where the optical densities are measured, i.e. by microplate 
readers, it may be advantageous to decrease the conjugate concentration 
to that giving an OD of 1.0 after 30 min in wells where the antigen is 
coated in excess, since the efficiency of the photometers is maximal 
between 0.2 and 0.8 OD, and background staining will be reduced. In 
subsequent tests, a positive reference serum should be included to 
ensure reproducibility or to provide a means of correction (KURSTAK, 
1985).
C.5.5) Substrate
The p-nitrophenylphosphate, which is the substrate used for alkaline 
phosphatase, is safe to use. However, 5 - amino - salicylic acid (5AS) and 
orthophenylenediamine (OPD), which are the substrates currently used for 
the visualization of horseradish peroxidase may be carcinogenic, though 
much less so than 3,3’-diaminobenzidine which is routinely used for the 
visualization of peroxidase in light and electron microscopy. So the 
handling of these substance must be done with care, and contact with 
skin or eyes should be avoided (VOLLER et at. 1979).
C.5.6) Incubation time to stop the enzymatic reaction
The enzyme-substrate reaction should be stopped within the linear phase 
of the reaction curve using NaOH (for alkaline phosphatase) or HgSO^ 
(for OPD). When large numbers of tests are carried out simultaneously, 
an incubation time of at least 30 min should be allowed, since this 
reduces timing errors. The results can be assessed visually or
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photometrically at 405 or 492nm depending on the substrate.
C.5.7) Controls
It is essential to use reference positive and negative sera, especially 
for indirect ELISA tests for antibody detection. These can be included 
on each plate. The substrate reaction is stopped when the reference 
positive absorbance reaches a predetermined value or after a constant 
reaction time. This enables valid comparisons to be made between tests 
on different occasions and in different laboratories.
An alternative procedure is the use of a daily quality control by the 
inclusion of positive and negative reference serum in only one plate to 
be tested. The means, standard deviations and coefficients of variation 
may be plotted on quality control charts. Intra-assay reproducibility 
(i.e. repeatability) and inter-assay reproducibility should be assessed. 
The repeatability should have a coefficient of variation of less than 5 
per cent, whereas for between assay reproducibility this should be no 
more than 10 per cent (KURSTAK, 1985).
Background controls should also be included, to calculate the net 
optical density when assays for antibody are used. Thus, wells 
containing sera plus conjugate and substrate (without antigen) must be 
included in indirect ELISA tests.
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C.6) Methods of Expressing ELISA results (according to VOLLER et al.
1979)
The end result of an ELISA test may be subjectively assessed by eye or 
it can be measured as optical density (absorbance values) in a 
spectrophotometer.
C.6.a) Visual Readings
The visual method of expressing results is useful for qualitative 
purposes. These can be very consistent and accurate, especially when a 
positive or negative answer is required. When OPD is used, positive 
results are given by a brown-coloured reaction product in the microplate 
wells. If a titre is required,serial dilutions of the test sample are 
made, and the last dilution giving a visible brown coloured reaction 
product is the titre. However, this is quite subjective and it is 
difficult to distinguish positive from negative responses in the so- 
called "doubtful" range. Moreover, such titration methods yield a 
discontinuous scale of results and require a series of dilutions 
(KURSTAK, 1985).
C.S.b) End-point titre
The samples to be assayed are serially diluted as for other serological 
assays. The results can be expressed either by visual reading or using 
a spectrophotometer.
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C.6.c) Absorbance values
For assays of high precision the results must be read photometrically. 
This can be done: 1) by removing the substrate reaction solution from 
the microplates and transferring to the cuvette of a spectrophotometer 
and reading its absorbance at the maximal absorption wavelength (405nm 
for p-nitrophenylphosphate; 492nm for OPD); 2) photometric measurement 
of the absorbance of the substrate solution in situ in the reaction 
microplate, by using a rapid microplate reader, capable of reading a 
whole plate in under 1 min.
The absorbance value is an expression of the result in terms of optical 
density. The observed optical density of the test sample is usually 
compared with the optical density of a known positive sample included in 
each test. The absorbance values are obtained at the end of ELISA tests 
which have been carried out under defined conditions or which have been 
controlled by inclusion of reference samples. Only one or a few 
suitable dilutions need to be made to obtain the result. However, there 
is no direct relation of antibody activity to the optical density, and 
the latter is not proportional to the antibody activity (KURSTAK, 1985).
C.6.d) Ratio
Using this method, the optical density of a test sample is divided by 
the mean optical density of a group of known negative samples. A ratio 
above a pre-set value, eg. 2 or 3, is considered to be positive. This 
method is simple and easily understood, and not time-consuming or 
expensive. However reproducibility is poor and the ratios (dependent on
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a particular negative reference serum) are not directly proportional to 
the antibody activity (KURSTAK, 1985).
C.6.e) Standard unit curves
In this method the absorbance values are transformed to standard units, 
which yield a continuous scale and are proportional to the antibody 
activity. Moreover, single dilutions of each serum are needed, if it is 
assumed that dose-response curves for the various sera are parallel.
At the same time as the samples are tested, a series of known- content 
samples are also included. A standard curve is constructed from the 
absorbance of these and the unknown samples* contents are calculated 
from that curve. This method is used for well-defined antigens or 
haptens but is less suitable for antibody assay, due to variation of 
antibody affinity in test sera.
According to BURRELLS and DAWSON (1983), if tests are read in automatic 
ELISA readers calculations, especially those involved in comparison with 
a standard curve, can be facilitated by linking the spectrophotometer to 
a computer. The spectrophotometer can be linked either with a bench-top 
computer for direct processing of data, or a tape-punch whereby data can 
be stored on tape and subsequently subjected to computer processing.
C.6.f) The cut-off values
The current methods for determining a cut-off value applicable to 
antibody determination by EIA are:
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1) the ratio method, which multiplies the estimated mean value of the
negative reference group by a factor of 2 or 3 (MALVANO et al. 1982)
2) the threshold method, which assigns the cut-off value to the highest
value of the negative reference group sera (KRAMER et al. 1983)
3) the normal method, which estimates the mean value of the negative
reference group and adds 2 or 3 standard deviations (SD) to this 
mean (RICHARDSON et al. 1983).
Each of these methods stipulates that the cut-off value be determined 
from known negative sera. Since the classification of sera as negative 
is determined by assays which are less sensitive than the EIA, sera with 
antibody titres undetectable by those methods are inevitably included in 
the reference negative serum group. When these cut-off determination 
methods are used, the result is a cut-off value set at an artifically 
elevated level, reflecting the sensitivity of the reference assay rather 
than the sensitivity of the EIA (KRAMER et al. 1983). So a compromise 
is generally necessary in setting the cut-off level since, irrespective 
of its value, false positives or false negatives are encountered. 
Moving the level to higher values will minimize the false positives at 
the cost of more false negatives and vice vevsa (KURSTAK, 1985) . It is 
also possible to define the responses in this intermediate area as 
"doubtful" or "inconclusive" (HECK et al. 1980), e.g. between the mean 
of negatives and the mean plus 4 standard deviations. Van LOON and VAN 
DER VEEN (1980) established the mean and standard deviation of a large 
group of normal sera and, in parallel, tested the reference sera. It 
was then observed that the mean plus 3 standard deviations equalled 40
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per cent of the absorbance of a reference serum. This reference serum 
was included in subsequent tests as an internal standard to establish 
the cut-off value.
C.7) Enzyme-Linked Immunosorbent Assays used in the research project
C.7.1) Indirect ELISA method for Immunoglobulin G detection
This ELISA was employed for serodiagnosis of M.bovis infection in 
cattle. The test was developed specifically for IgG detection, as this 
is the major immunoglobulin class remaining in the body fluids after 
exposure to any antigen. As the test was used in a survey for M.bovis 
infection, the secondary immunological response was studied by means of 
IgG detection.
C.7.l.a) Synthesis of Immunoglobulins G and M (according to ROITT, 
1984)
The synthesis of antibodies belonging to the various immunoglobulin 
classes proceeds at different rates. Usually there is an early IgM 
response which tends to fall off rapidly. IgG antibody synthesis builds 
up to its maximum over a long time period. On secondary challenge with 
antigen the time course of the IgM response resembles that seen in the 
primary, whereas the synthesis of IgG antibodies rapidly accelerates to 
a much higher titre and there is a relatively slow fall-off in serum 
antibody levels.
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c.7.l.b) Immunoglobulin G In mammals
During the secondary response, IgG is probably the major immunoglobulin 
to be synthesized. Through its ability to cross the placenta it 
provides a major line of defence against infection for the first few 
weeks of life, which may be further reinforced by the transfer of 
colostral IgG across the gut mucosa in the neonate. IgG diffuses more 
readily than the other immunoglobulins into the extravascular body 
spaces where, as the predominant species, it carries the major burden of 
neutralizing bacterial toxins and binding to microorganisms to enhance 
their phagocytosis (ROITT, 1984).
C.7.2) Sandwich ELISA method
The modified double antibody sandwich ELISA was used for antigen 
detection, using inoculated E broth and Moredun broth. The antibody 
used to coat the microtitre plates was a pooled bovine field serum 
positive for M.bovis (in GET, DFIT and ELISA). The second antibody used 
to bind the antigen and conjugate was a chicken antiserum against a 
strain of M.bovis. The conjugate used was a commercially available 
rabbit anti-bovine IgG coupled to horseradish peroxidase, as for the 
indirect ELISA test.
D) COMPLEMENT FIXATION TEST
According to CAMPBELL and TURNER (1936), the first attempt to use the 
complement fixation reaction in the diagnosis of Contagious Bovine 
Pleuropneumonia (CBPP) was made in Russia by SCHOCHOWSKY in 1912, who
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tested sera from natural cases of CBPP as well as experimentally 
infected and immunized calves, using as antigens extracts from affected 
lungs, inflammatory exudate, and cultures. He decided that the results 
were not sufficiently accurate. In 1919, TITZE and GIESE found saline 
extracts too weak, but boiled extracts and alcoholic extracts of 
infected lung tissue or bronchial lymph nodes gave good results ; they 
were troubled, however, with the so-called "fleeting reactions", i.e. 
the previously intact erythrocytes in certain tubes, indicating fixation 
of complement, would suddenly become lysed, the sera thereby behaving as 
CBPP negatives.
Seventeen years later, CAMPBELL and TURNER (1936) published a paper on 
studies in CBPP in which a CFT for diagnosis was standardized and its 
use in experimental investigations and in the control of the disease was 
discussed. In their paper, they described the essentials for a CFT as a 
diagnostic procedure, especially with bovine sera, as follows:
1) The antigen must be stable, easily prepared, and not unduly 
expensive.
2) The technique must be as simple as possible, and readily capable of 
standardization.
3) The test must be sensitive, i.e. capable of demonstrating the 
presence of very small amounts of antibody, and must be highly 
specific.
81
4) The reaction must be easy to read, and there must be a complete 
absence of "fleeting reactions".
5) It must be capable of being carried out with reasonable speed.
They made recommendations about the reagents to be used to perform the 
test, the standardization and titration of antigen, titration of anti­
sheep haemolytic amboceptor (rabbit), preparation of the haemolytic 
system, titration of complement and the CFT itself. They adopted a 
system for recording the results by signs as I i l l , -H-+, ++, +, + and - , 
that ranged from complete fixation of complement (no haemolysis) to no 
fixation of complement (complete haemolysis)
Since then, the CFT has been used for many years, in different 
laboratories, as one of the reference tests for serodiagnosis of CBPP as 
well as for other diseases of cattle caused by Mycoplasma species (AL- 
AUBAIDI and FABRICANT, 1971a; 1971b)). The CFT was employed for HOWARD 
et al. (1977) to measure the antibody titre to M.bovis after induction 
of immunity in calves by inoculation of formalin-inactivated organisms. 
The test has been proved to be more sensitive than 
counterimmunoelectrophoresis (VINCENT et al. 1984) and the indirect 
hemagglutination test. According to CHO et al. (1976), the indirect 
hemagglutination test, although sensitive, reliable and highly specific, 
has revealed low titres in animals not exposed to M.bovis, and some 
recently infected animals may not show any titre. As described by 
FISCHER et al. (1986), CFT is commonly used to diagnose mycoplasma 
infections although complex and laborious.
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In this project, the CF test was employed for serodiagnosis of M.bovis 
infections, and the results obtained were compared with those from ELISA 
and DFIT.
E) INDIRECT IMMDNOPEROXIDASE TEST
In 1978 an immunoperoxidase technique was described by HILL (1978) for 
the demonstration of mycoplasmas in tissue and in nasal and conjunctival 
swabs. The antisera to mycoplasmas were produced in rabbits, and the 
conjugate dilutions were chosen by the methods previously described by 
POLAK-VOGELZANG and HAGENAARS (1976). HILL concluded that the 
immunoperoxidase technique had advantages over the fluorescent antibody 
test because:- a) the preparation was permanent; b) it could be examined 
under the light microscope (i.e. it was possible to study the relation 
of the antigen to the cells in tissue) ; c) it was possible to show the 
presence of single organisms; and d) non-specific staining was not a 
problem in these tissues or in the brain and spinal cord tissues that 
had also been examined. She claimed that the technique could be used 
for demonstration and identification, within a few hours, of the 
presence of a mycoplasma species in a mixed infection, whereas it would 
take many days to isolate the organism by standard cultural techniques.
POLAK-VOGELZANG et al. (1978) reported the use of the indirect immuno­
peroxidase test (IPT) for identification of acholeplasmas and 
mycoplasmas. They studied four acholeplasmas, eleven mycoplasmas (of 
animal origin) and seven human mycoplasmas, comparing the results with 
indirect immunofluorescence tests (IFT) and growth inhibition tests 
(GIT) . They concluded that the results of the IPT were much easier to
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read than those of the I FT, and that the I FT was as specific as the GIT 
and more specific than the I FT. In 1979 IMADA et al. used the 
immunoperoxidase technique for identification of M.gallisepticum and 
M.synoviae by staining colonies on the agar plate.
After testing 50 isolates of K.galHsepticum and M.synoviae they 
concluded that the results obtained with IPT correlated with those of 
the agar gel precipitation test, and that it was a specific and reliable 
method for the identification of those species. The application of IPT 
to serotyping of Ureaplasma uvealyticum was described by QUINN et al.
(1981). They claimed that the assay is rapid, can be done directly on 
primary plates, and uses highly diluted antisera, and that the cross­
reactivity detected using IPT could be diluted out at the optimal 
antiserum dilution, but could not in the GIT or IFT. However, a 
disadvantage of the IPT is reported, which is the variation in intensity 
of the stain from day to day, which can be overcome by running plates of 
mixed serotypes assayed with one standard antiserum each time.
The indirect immunoperoxidase technique (IIPT) was applied to the assay 
of antibodies against M.gallisepticum and M.synoviae in chicken serum by 
using colonies grown in agar plates as antigens, by IMADA et al. (1982). 
The sensitivity and specificity of IIPT were evaluated by the use of 
field sera and samples from experimentally infected and SPF chickens. 
They concluded that IIPT was highly effective and specific for detecting 
antibodies against M.gallisepticum and M.synoviae when compared with 
tube agglutination and haemagglutination-inhibition tests.
The immunoperoxidase technique has also been employed for the detection
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of mycoplasmes in cell culture, by light and electronmicroscopy (CHASEY 
and WOODS, 1984). In this study they showed that the combined use of 
light microscopy and electronmicroscopy with immunoperoxidase labelling 
is appropriate for experimental studies on mycoplasma infection, but 
bright-field microscopy alone could usefully be applied to routine 
detection of mycoplasma contamination. They claimed that the use of 
M.ovate as a model has shown that the direct labelling technique can be 
a helpful adjunct to conventional methods for identification. Although 
less sensitive for most Mycoplasma species than available cultural 
methods, immunoperoxidase labelling should assist considerably in the 
detection of fastidious mycoplasmas, such as the non-cultivable strains 
of M.hyovhinis, which are widely recognised and important contaminants 
in cell culture systems.
In this project, an indirect immunoperoxidase test was used for 
identification of Mycoplasmatales, following the technique described by 
IMADA et al. (1987). The results obtained were compared with those from 
ELISA, GIT and DFIT.
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THE PROJECT
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OUTLINE OF THE PROJECT
Mycoplasma bovis infections have been described in many countries 
(HORVATH et al. 1981; SHIMIZU, 1982; HEITMANN et al. 1983; FRIIS, 1984; 
POUMARAT et al. 1986), and the organism has been incriminated as the 
causative agent of a large range of conditions in cattle (LANGFORD,
1975; JACK et al. 1977; CHIMA et al. 1980; PFUTZNER et al. 1980; La 
FAUNCE and McENTEE, 1982; BICKNELL et al. 1983). The laboratory
techniques normally used for the diagnosis of mycoplasma diseases are 
time-consuming and some require sophisticated apparatus (THEODORE et al. 
1971; DELLINGER and JASPER, 1972; ERN0 and JURMANOVA, 1973; HOWARD et
al. 1976; DEL GIUDICE et al. 1967; YODER, 1982; KANYI KIBE et al. 1985;
KOTANI and McGARRITY, 1985).
The main objective of this research project was the development^f a 
standard ELISA test that could be applied for the diagnosis of M.hovis 
infections in cattle, from different anatomical sites.
ELISA techniques have been employed to diagnose several infectious 
diseases in animals (ARMSTRONG et al. 1978; HOROWITZ and CASSELL, 1978; 
JORGENSEN and JENSEN, 1978; ONOVIRAN and TAYLOR-ROBINSON, 1979; OPITZ et 
al. 1983), and man (VELDKAMP and VISSER, 1975; VOLLER et al. 1976; 
YOLKEN et al. 1977; FORGHANI and SCHMIDT, 1979; RAISANEN et al. 1980; 
BUSOLO et al. 1983). ELISA can be performed without very sophisticated 
equipment, and it is rapid and simple. The establishment of a standard 
technique for the diagnosis of infections caused by M.bovis in cattle 
could be of great value in developing countries, where laboratory 
facilities tend to be restricted.
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With this purpose, the research project was divided into five Chapters, 
four of which dealt with the application of an ELISA technique for 
M.bovis diagnosis from milk, nasal discharges and blood samples, as well 
as the usefulness of visual reading of the results. In the remaining 
Chapter, a study of the sensitivity of Mycoplasmatales to different 
antibacterial drugs was set up, in an attempt to reduce the growth of 
the normal bacterial flora and/or contaminant bacteria normally present 
in field materials, for example in nasal discharges. Although this 
problem can be reduced; with the use of 0.45/um filters, in some 
laboratories in developing countries these filters are not available, or 
are very expensive. The introduction of one or more antibiotics into 
the usual medium employed for primary isolation of Mycoplasmatales (E 
broth in this study) could be a great improvement in the recovery of a 
larger number of Mycoplasmatales that, although present in clinical 
specimens, sometimes can not survive the competition for the nutrients 
available. As Mycoplasmatales are slow-growing organisms, the 
contaminant bacteria achieve their log phase of growth much earlier, and 
by changing the pH and utilizing the nutrients of the media,they make 
the growth of Mycoplasmatales impossible.
Two Chapters of the project were developed using bovine samples
collected in Brazil. The significance of this study is that Brazil is a
2
very large country (territorial area of 8,511,965 km ), from which 
little is known about the presence of Mycoplasmatales in the bovine 
population (which is the fourth biggest cattle herd in the world with 
approximately 130 million animals), as well as the interest of the 
author in studying samples collected from her own country. The field 
samples collected were representative of the bovine population from the
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southeast region of the country, which is the second in bovine 
population and is represented by the States of Rio de Janeiro, Espirito 
Santo, Minas Gerais and Sab Paulo.
In developing countries, such as Brazil, an ELISA reader and computer 
will only be available in a few laboratories, so the possibility of an 
ELISA test read visually was investigated.
The objectives of each Chapter will be explained, and the division of 
each into separate experiments was done in an attempt to cover the main 
problems encountered in each particular segment of the study of M.hovis 
diseases in cattle.
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CHAPTER I
SURVEY OF NASAL SWABS FOR Mycoplasmatales IN BRAZIL
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CHAPTER I
SURVEY OF NASAL SWABS FOR Mycoplasmatales IN BRAZIL
Isolation of mycoplasmas from the diseased bovine respiratory tract 
(nasal swabs and pneumonic lungs) was described as early as 1954 by 
CARTER and later by CARTER and Me SHERRY (1955), HAMDY et al. (1958) and 
OLSON et al. (1960), but the failure to isolate mycoplasmas from healthy 
lungs was later reported by COLLIER and ROSSOW (1964) and HARBOURNE et 
al. (1965). However, in 1967 DAVIES described the isolation of 
mycoplasmas from both healthy and pneumonic calf lungs, and the 
serological typing of these strains isolated by a growth inhibition 
technique gave results similar to group A of HARBOURNE et al. (1965).
Some years later the isolation of N.bovirhinis, M.bovigenitalium and 
A.laidlawii from naso-pharyngeal swabs or samples of lung was reported 
by GOSSGER (1974) and in 1975 THOMAS et al. described the isolation of 
M.bovis from a severe outbreak of calf pneumonia. This organism was 
isolated from the naso-pharynx as well as from lung lesions in the 
affected calves. BENNETT and JASPER (1977) studied the nasal prevalence 
of M,bovis in young dairy animals and they found that the overall 
prevalence of M,bovis in the nares was 34 per cent in diseased herds but 
only 6 per cent in non-diseased herds. They suggested that once nasal 
colonization by M.bovis is established in a group of young calves,it 
tends to persist in that age group and be transmitted by direct contact 
to younger stock as they come along.
More recently SU et al. (1982) described the isolation of M.bovirhinis,
bovf'T'i
M.dispar, M.alkalescens, mycoplasmas of group 7, A.laidlawii and
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A,modicum from nasal swabs taken from calves 2-6 months old, with or 
without respiratory disease. In the same year, SHIMIZU (1982) isolated 
M.hovis from 13 of 33 nasal discharges of calves; and KNUDTSON et al.
(1982) described the isolation of M.bovis, M.dispar, M.bovirhinis and 
Ureaplasma sp. from lung homogenates and bronchial exudates. The 
isolation of M.bovirhinis, M.bovis, M.arginini and A.laidlawii from 
nasal swabs from dairy calves was reported by SPRINGER et al. (1982), 
and claimed that the isolation of M.bovis and M.arginini from the upper 
respiratory tracts of healthy calves had not been reported previously. 
Of their isolates,boyis was the most frequently encountered.
Thus several species of mycoplasma have been isolated from the 
respiratory tract of sick calves (BRYSON et al. 1978; SPRINGER et al. 
1982; KNUDTSON et al. 1986), althouhgh according to GOURLAY and HOWARD
(1983) some of these "are probably commensals or opportunist invaders 
that follow disease caused by other agents".
The pathogenicity of M.bovis has been demonstrated at a variety of 
anatomical sites under controlled experimental conditions and next to 
M.mycoides subsp. mycoides, at\oi perhaps serogroup 7, is probably the 
most pathogenic of the species of mycoplasma isolated from cattle 
(GOURLAY and HOWARD, 1979).
In Brazil, there is little information on the occurrence of 
Mycoplasmatales in the cattle population. In 1978 ROSSINI and his co­
workers reported the isolation of mycoplasmas from lung tissue of four 
out of six calves which had died of pneumonia. Later ROSSINI et al. 
(1981) reported that one of the isolates was M.bovis, it having been
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sero-typed at the Mycoplasma Reference Laboratory of the Public Health 
Laboratory Service, London, UK. LIBERAL et al. (1982) and LIBERAL and 
ROMIJN (1988) reported the isolation of mycoplasmas from the lungs of 16 
calves in Rio de Janeiro State that had died from severe pneumonia. 
Diagnosis was confirmed in twelve cases on the basis of the presence of 
the characteristic histopathological findings of mycoplasma infection 
described by BRYSON et al. (1978). Serotyping of isolates was not
available in Brazil at that time.
In this project, the presence of Mycoplasmatales in the upper 
respiratory tract of apparently healthy calves was studied by means of 
nasal swabs collected from seven herds at Rio de Janeiro State in 
Brazil. The study was divided into three experiments, as follows:
EXPEELCMENT 1 : ISOLATION AND IDENTIFICATION OF Mycoplasmatales IN THE 
UPPER RESPIRATORY TRACT OF CALVES
In this experiment the frequency of Mycoplasmatales in nasal discharges 
was determined by isolation of the organisms in E broth and E agar, and 
the organisms were identified using biochemical and serological tests.
EXPERIMENT 2 : ISOLATION AND IDENTIFICATION OF CONTAMINANT BACTERIA FROM 
NASAL DISCHARGES, CULTURED IN E BROTH
The normal flora and contaminant bacteria from the nasal cavity of the 
calves were isolated from nasal discharges cultured in E broth. The 
bacteria were isolated using routine bacteriological techniques and 
identified by biochemical tests.
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EXPEEUMENT 3 : ANTIBIOTIC SENSITIVITY OF CONTAMINANT BACTEEUA FROM NASAL 
DISCHARGES CULTURED IN E BROTH, COMPARED WITH SENSITIVITY OF 
Mycoplasmatales
The sensitivity of Gram negative and Gram positive bacteria to different 
antibiotics was studied in comparison with the sensitivity shown by 
Mycoplasma and Acholeplasma species. The purpose of this experiment was 
to find a better antibiotic (or combination of antibiotics) than 
ampicillin to inhibit bacterial growth during attempts to isolate 
Mycoplasma and Acholeplasma species from field material, using E broth.
94
MATERIALS AND METHODS
A survey for the presence of Mycoplasmatales in the upper respiratory 
tract of apparently healthy calves was carried out on 7 farms in Rio de 
Janeiro State (RJ), Brazil, by means of nasal swabs. The animals were 
sampled at random, at milking time in the byre. They represented 20% of 
the total calf population of each farm.
EXPERIMENT 1 : ISOLATION AND IDENTIFICATION OF Mycoplasmatales IN THE 
UPPER RESPIRATORY TRACT OF CALVES
1. a) ISOLATION
The nasal samples were collected using commercial dry sterile flexible
cotton swabs which were cut off into a tube containing 3ml of E broth
(ROBERTS and PIJOAN, 1971). The tubes were kept at refrigerator
temperature (4°C) until arrival at the Lahoratbrio de Biologia Animal,
PESAGRO-RIO in Niterbi, R.J. At the laboratory the tubes were incubated
at 37°C and checked for change in pH and/or turbidity after 24 hours.
If either was observed the sample was diluted serially 10-fold from 10  ^
-4to 10 in fresh E broth. If no change in pH or turbidity was observed, 
the sample was incubated for a further 24 hours. When turbidity or 
change in pH was observed, one drop of the broth was subcultured on an E 
plate, using the running drop technique. The plates were placed in an 
air-tight tin with a moistened pledget of cotton wool, to prevent drying 
during the subsequent incubation at 37°C. Incubation was continued for 
7 days. The plates were examined for mycoplasma-type colonies with a 
plate microscope.
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If the typical "fried egg" colonies were observed, a block of agar 
containing some was cut from the plate, and placed in a fresh E broth 
tube. All samples (suspicious or negative) were then transferred to a 
4°C refrigerator until they could be freeze-dried prior to despatch to 
the Central Veterinary Laboratory (CVL), Ministry of Agriculture, 
Fisheries and Food in Weybridge, UK.
At CVL the samples were reconstituted in 2ml of distilled water and a 
bijou containing 3ml of fresh broth was inoculated with 4 drops from a 
Pasteur pipette. This was then incubated at 37°C for 24 hours.
The procedure previously described for checking changes of pH and/or 
turbidity was carried out and all samples were filtered through a 0.45pm 
disposable filter (Acrodisc), to eliminate possible contamination by 
fungi and bacteria. The samples were subcultured on E plates using the 
running drop technique and 4 drops were used to inoculate a fresh E 
broth. The plates and bottles were incubated at 37°C in a humidified 
incubator automatically supplied with 5 per cent CO^ and examined for 
development of colonies and turbidity respectively every 24 hours. 
Suspected colonies were subcultured to agar plate and liquid medium, and 
the procedure was repeated three times at 24 hours intervals. Isolates 
were cloned three times on solid medium, after which a single colony was 
selected, transferred to E broth and the product used for biochemical 
and serological tests.
If no growth was observed either on plates or in broth after 21 days 
culture and passages, the sample was considered negative. No attempt to 
isolate Ureaplasma spp. was made.
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1. b) IDENTIFICATION
Biochemical and serological tests were used for typing the organisms 
isolated, in accordance with the recommendation of the INTERNATIONAL 
COMMITTEE ON SYSTEMATIC BACTERIOLOGY (1979).
1. b) 1 - BIOCHEMICAL TESTS
The biochemical tests used were dependence on sterols ("Liquoid" and 
digitonin sensitivity tests) and glucose fermentation as follows :
1. b) 1. a) DEPENDENCE ON STEROLS
"Liquoid” and digitonin sensitivity tests
Solutions of "Liquoid" (at 5 per cent in sterile distilled water) and 
digitonin (at 1.5 per cent in absolute ethanol) were prepared and drops 
of each solution from a Pasteur pipette was placed on sterile filter 
paper discs. These were allowed to dry overnight at 37°C in a Petri 
dish, and then stored at -20°C in a screw-capped bottle until used.
The test was done by the subculture on E plate of a drop of a broth 
culture of the organism using the running drop technique. The plates 
were allowed to dry and the discs were then placed over this streak of 
the organism, as for antibiotic sensitivity tests. The plates were 
incubated at 37° in a 5 per cent CO^ incubator and observed every 24 
hours. If a zone of inhibition was observed it was an indication that 
the organism required sterol for growth.
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1. b) 1. b) GLUCOSE FERMENTATION
Glucose fermentation can be determined from culture in E broth. A 
yellow to white (bleached) coloration indicates glucose fermentation. 
No colour change or a slight orange coloration was taken as a negative 
result.
An uninoculated bottle of E broth was used as a control for colour 
change and incubated together with the test samples.
1. b) 2. SEROLOGICAL TESTS
The serological tests employed for the classification of the organisms 
isolated were the growth inhibition and the film inhibition tests.
1. b) 2. a) GROWTH INHIBITION TEST
The test was performed as described by CLYDE (1964) with slight 
modifications. Briefly, a cloned strain of mycoplasma was grown in E 
broth for 24 to 48 hours. One drop of the inoculated E broth from a 
Pasteur pipette was subcultured on an E plate using the running drop 
technique, and allowed to dry at room temperature. An agar block of 
about 5mm in diameter was then removed from the streak of the organisms, 
with the aid of a sharp-edged copper tube, and the well thus formed was 
filled with 0.1ml of undiluted antiserum. The plate was maintained 
under incubation at 37°C (in a 5 per cent CO^ atmosphere) and checked 
for the presence of growth and ®iinhibition zones (under the plate 
microscope) every 24 hours.
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Mycoplasma Species used for Antisera Production
The Mycoplasmatales used for specific antisera production in rabbits 
were those isolated from bovine sources and used in the routine of the 
Mycoplasma Section for serodiagnosis of mycoplasma infections.
Antigen Preparation
This was performed according to the recommendations of STANBRIDGE and 
HAYFLICK (1967).
Prior to the preparation of each antigen, the Mycoplasmatales strains 
were cloned by selecting a single colony on an E plate which was then 
transferred to E broth. The broth-propagated population was again 
streaked on agar and the procedure repeated. Thus, each strain was 
colony-cloned twice before use as an antigen.
The selected strains were grown in suitable medium (E broth or Arginine 
broth; Appendices I.1 and 1.5), in 1 litre volumes and incubated in air, 
stirred by magnetic stirrer, at 37°C for 48 to 72 hours. The cells were 
harvested by centrifugation at ll,600g for 20 min at 4°C, and were 
washed three times in sterile phosphate buffered saline (PBS) pH 7.2. 
The organisms were inactivated by heating at 60°C for 30 min, and the 
whole-cell antigen preparation was stored in 20ml aliquots, in Universal 
bottles, at 4°C.
Antiserum Production
Specific antisera against whole-cell antigens of the mycoplasmas
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reference strains isolated from bovine were raised in two adult New 
Zealand albino rabbits according to the following schedule (proposed by 
MORTON and ROBERTS, 1967):
The rabbits were inoculated with increasing volumes of antigen (from 1 
to 5ml), at 3 to 4 day* intervals, using the intramuscular route. The 
level of antibodies produced was tested periodically by growth
inhibition using 5ml sample of blood from the ear. The rabbits were
test bled 6 days after the last inoculation by which time all sera
showed satisfactory zones of inhibition in tests with homologous 
antigen. The animals were then bled out by cardiac puncture, the blood 
was allowed to clot at room temperature overnight, and then the clot was 
detached from the walls of the container permitting the serum to be 
drained off into a centrifuge tube. The clot itself was centrifuged for 
5 min at 2,936g, and the expressed serum was removed and added to the 
serum pool. The pooled serum was centrifuged for another 5 min at 
2,936g. The clarified sera were divided into 3ml aliquots in bijou 
bottles. Sera not required immediately were stored at -20°C.
A scheme devised by the Mycoplasma Section, CVL, was followed for 
selecting a primary range of antisera to be used in the growth
inhibition test.
1. b) 2. INHIBITION TEST L1>9\t)
This test is a slight modification of the GI test, with the introduction 
of dried filter paper discs impregnated with specific antiserum, as 
described by STANBRIDGE and HAYFLICK (1967).
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The test was performed according to the recommendation of THORNS and 
BOUGHTON (1978). Bovine reference serum positive for K,bovis in CF and 
DFI tests was used to impregnate sterile filter paper discs. The discs 
were allowed to dry at room temperature in a Petri dish for 4 hours, and 
were then stored at -20°C until used.
To perform the test, the field strain suspected to be K.bovis was 
cultured in E broth (Appendices I.l and 1.3) for 24 to 48 hours at 37°C. 
The strain was then subcultured on E plates (Appendix 1.2) containing 10 
per cent egg yolk using the running drop technique. When the streak had 
dried, the discs containing specific antisera were placed on it, and the 
plates were incubated at 37°C in a 5 per cent CO^ atmosphere for up to 
10 days. The formation of zones of film inhibition was checked daily 
after 5 days. Zones developing in less than 5 days may be transient and 
therefore nonspecific (THORNS and BOUGHTON, 1978).
EXPERIMENT 2 : ISOLATION AND IDENTIFICATION OF CONTAMINANT BACTERIA FROM 
NASAL DISCHARGES, CULTURED IN E BROTH
2. a) ISOLATKXf
The nasal discharge samples collected with sterile cotton swabs were 
cultured in E broth. After 24 hours incubation at 37°C, one drop of 
each sample from a Pasteur pipette was subcultured to Teague agar plates 
(a selective medium for Gram negative organisms) and to ordinary blood 
agar (Appendices II. 1; II.2 and II.3), using a platinum loop. Each 
plate had been previously divided into four, and the drop was spread
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over the surface of the agar in such a way as to draw off as much as 
possible of the inoculum from the platinum loop. This procedure was 
used to obtain good separation between colonies, permitting the cloning 
of distinct colonies for further identification easier. A smear was 
also made from all samples and Gram staining was used for a first 
evaluation of the organisms present. Blood agar and Teague agar plates 
were incubated for 24 hours at 37°C. The following observations were 
made in those media:
Blood agar:
- presence of haemolysis
- colony coloration
- colony size and type
- Gram staining and shape
Teague agar :
- presence of lactose-fermenting organisms (colony coloration)
- colony size and type
- Gram staining and shape (some Gram positive organisms may show sparse 
growth in this medium)
No attempt was made to isolate fungi.
2. b) IDENTIFICATION
When colonies were isolated from the plates, biochemical tests were used 
for the identification of the organisms. Different tests were used for 
the identification of Gram negative and Gram positive bacteria, as 
recommended by the Befgey’s Manual of Systematic Bacteriology (1984, 
1986).
102
Gram Negative Bacteria
When Gram negative bacteria were isolated, the first attempt at 
classification was done using Costa Vernin agar (CV agar, that is a 
modified Triple Sugar Iron agar = TSI) (Appendix II.4), which 
incorporates ferrous sulphate, a source for H^S production (sodium 
thiosulphate), urea, lactose and saccharose. After that, the following 
biochemical tests were performed for final classification: indole
production; methyl red and Voges-Proskauer reaction; citrate reduction 
in Simmons* medium; hydrogen sulphide production in CV agar; urease 
production in CV and/or in Christensen’s medium; lysine and ornithine 
decarboxylase activity, arginine dihydrolase activity; motility (in 
semi-solid agar); D-glucose acid and gas production; lactose 
fermentation in Teague agar; sucrose; L-arabinose and raffinose 
fermentation; nitrate reduction to nitrite; oxidase production (using 
Kovac’s reagent) and catalase production.
The shape, coloration and type, as well as the characteristic smell and 
viscosity of the colonies, were also studied to help in the 
identification.
Gram Positive Bacteria
Every Gram positive bacterial species isolated from blood agar plates 
was identified using biochemical tests. The main tests used for the 
final classification were the catalase reaction and coagulase production 
(using rabbit plasma). The colony and cell morphology, presence of 
haemolysis and characteristic growth in anaerobic medium
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(thioglycollate) were also used (Appendix II.5).
EXPEEÜMENT 3 : ANTIBIOTIC SENSITIVITY OF CONTAMINANT BACTERIA FROM NASAL 
DISCHARGES CULTURES IN E BROTH, COMPARED WITH SENSITIVITY OF 
Mycap lasmatales
3. a) TESTING OF BACTERIAL STRAINS FOR SENSITIVITY TO DIFFERENT 
ANTIBIOTICS
The media used for testing the sensitivity of Gram negative and Gram 
positive bacteria against different antibacterial drugs were Mueller- 
Hinton Broth (M.H.A.) and Mueller-Hinton Agar (M.H.B.) (Appendices 
III.A.1 and III.A.2).
Technique (according to BAUER et al. 1966)
1) M.H.A. was melted and sterilized and appropriates volumes (at about 
45°C) were plated out (20 to 25ml to a 100mm Petri dish) to provide a 
4mm thick layer.
To test the sensitivity of Streptococcus and Staphylococcus species to 
the different drugs, a solution of 5 per cent defibrinated sheep blood 
was added to M.H.A., to enhance the growth of those organisms (Appendix 
III.A.3).
2) Each organism to be tested had previously been identified. A pure 
culture of each organism on agar was used for subculturing. For the 
subculture, a loop was employed to transfer an amount of 4 to 5 
identical colonies of the organism to a fresh 5ml of M.H.B. The
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inoculated broth was then incubated for 2 to 8 hours at 37°C.
3) During the 2 to 8 hours of incubation at 37°C, and before doing the 
proper test, the growth of the organism was checked by means of 
turbidity. The turbidity shown in the test tube was compared with 
McFarland’s tube No. 0.5 which corresponds to about 1.5 x 10^  
organisms/ml.
4) The next steps were followed essentially as described by BAUER et al. 
(1966).
5) After all the discs had been placed on the surface of the plates, 
they were incubated in an inverted position overnight (or 16-18 hours) 
at 37°C in an incubator.
6) The results were read as inhibition zones, measured with a ruler, 
and the interpretation followed the standard table of sensitivity.
3. b) TESTING OF Mycaplasma AND Acholeplasma STRAINS FOR SENSITIVITY TO 
DIFFERENT ANTIBIOTICS
The media used for testing the sensitivity of Mycoplasma and 
Acholeplasma strains against different antibacterial drugs were E broth 
and E plates (Appendix I.l and 1.2).
Technique
1) The E plates were prepared in the same way as M.H.A. plates.
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2) The strains of Mycoplasma and Acholeplasma to be tested had 
previously been identified to species level. A pure culture of each 
organism grown on E plates was used for subculturing. For the 
subculture a block of agar containing colonies was punched out from the 
agar with a platinum spatula while viewing the plate under the 
dissecting microscope. The block was the emulsified in a fresh 3ml of E 
broth and incubated at 37°C until growth was visible. The cultures were 
checked daily.
3) All other steps were followed as described for bacterial tests.
4) Zones were read and interpreted as Sensitive, Intermediate and 
Resistant.
The antibiotic discs used were commercially available (Polidiscos Victor 
Lorian, Productos Quimicos Lorian, Rio de Janeiro, Brasil; Sensibiodisc, 
CECON, Vila Sonia, Sab Paulo BRASIL).
As described by LINTON (1983) the size of inhibition zones in seeded 
agar plates is the consequence of two dynamic systems proceeding 
simultaneously, namely the diffusion of the antibiotic from a confined 
source and the growth of the test organism. In this way, the diffusion 
of the antibiotic and growth of the test organism proceed simultaneously 
and the zone edge is formed where both systems meet. Following this 
criterion for each antibiotic and microorganism a table of 
interpretation of zones of inhibition was established, using the 
classification of resistant, intermediate and sensitive organisms. As 
for Mycoplasma and Acholeplasma species there is still no such table.
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the results were arbitrarily expressed as'resistant when no inhibition
I t  **
at all was observed; intermediate when a zone of inhibition smaller than 
10mm was present; and "sensitive when such a zone equal or more than 10mm 
was formed. As for the purpose of this research,only drugs that showed 
no effect at all ofon the growth of mycoplasmas and acholeplasmas were to 
be taken in account, it was believed that this criterion was acceptable.
Bearing in mind that composition of the culture medium may affect the 
quantitative expression of antimicrobial activity of the antibiotics and 
that the susceptibility of a given bacterial species may be influenced 
by the pH, the incubation atmosphere and by the protein concentration, 
the minimum inhibitory concentration (MIC) test, performed after the 
selection of the antibacterial drugs, was carried out using the same 
medium (E broth and E plates), the same incubation (37°C in a 5 per cent 
COg atmosphere) and the same inoculum size (0.5ml aliquots diluted at 
1/100).
To perform the sensitivity tests, different strains from the contaminant 
bacteria were chosen at random, in such a way that representatives 
isolated from all 7 farms were tested. Following this procedure it was 
assumed that resistant and sensitive strains from the same bacterium had 
the same chance to be selected.
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RESULTS AND DISCUSSION
EXPERIMENT 1 : ISOLATION AND IDENTIFICATION OF Mycoplasmatales IN THE 
UPPER RESPIRATORY TRACT OF CALVES
A total of 144 samples was collected from seven farms in R.J. The 
animals varied in age from 15 days to 12 months and all were Friesian/ 
Indian crosses.
Although there were no apparent clinical manifestations of the presence 
of Mycoplasmatales in the animals, these organisms were isolated from 
13.2 per cent of them and from all seven farms sampled (Table 1.1.1 and 
Figure 1.1.1).
According to the results obtained in the biochemical (glucose 
fermentation and sterol dependence) and serological (GIT and DFIT) 
tests, the strains isolated were classified as M.bovis (4.2 per cent), 
A.laidlawii (8.3 per cent) and both M.bovis and A.laidlawii (0.7 per 
cent) (Table 1.1.2 and Figure 1.1.2).
M.bovis alone was isolated from six animals, varying in age from 15 days 
to 5 months old (Table 1.1.3). A.laidlawii/vas isolated from twelve 
animals (aged between 15 days and 12 months old) (Table 1.1.4). Both 
M.bovis and A.laidlawii were isolated from one 2 month old animal 
belonging to Farm G (Table 1.1.5). The majority of positive samples 
were obtained from animals varying in age from 1 to 4 months, and Farm C 
contributed most of them.
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TABLE 1.1.1 : POSITIVE RESULTS PGR Hycaplasmatales FROM NASAL DISCHARGES
OF CALVES, COLLECTED IN BRAZIL
FARM NO. SAMPLES POSITIVE NEGATIVE PERCENTAGE OF POSITIVES
A 30 2 28 6.7
B 31 2 29 6.5
C 11 4 7 36.4
D 19 3 16 15.8
E 13 1 12 7.7
F 18 2 16 11.1
G 22 5 17 22.7
TOTAL 144 19 125 13.2
IBLE 1.1.2 : FREQUENCY OF Hycaplasmatales ISOLATED FROM NASAL 
DISCHARGES OF CALVES COLLECTED IN BRAZIL
CLASSIFICATION NO. OF ISOLATES PERCENTAGE OF EACH
M.bovis 6 4.2
A,laidlawii 12 8.3
M,bovis + A,laidlawii 1 0.7
Negative 125 86.8
TOTAL 144 100
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TABLE 1.1.3 : DISTRIBUTION OF SAMPLES POSITIVE FOR H.bovis
FARM ANIMAL NO. SEX AGE 1
A 17 F 5 months |
C 66 M 4 months |
69 M 3 months |
72 F 1 month I
G 124 F 1 month 1
*137 M 2 months |
141 M 15 days |
* Both n.bovis and A,laidlawii isolated from this sample
1.1.4 : DISTRIBUTION OF SAMPLES POSITIVE FOR A. laidlawii
1 FARM ANIMAL NO. SEX AGE 1
1 A 22 F 6 months |
1 B 38 F 12 months j
56 M 4 months |
1 C 65 F 4 months |
1 D 77 F 1.5 months |
84 M 4 months |
88 M 4 months |
93 M 1 month 1
110 F 3 months |
117 F 3 months |
1 G *137 M 2 months |
142 F 15 days j
144 F 2 months |
* Both M,bovis and A.laidlawii isolated from this sample
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TABLE 1.1.5 : GENERAL DISTRIBUTION OF POSITIVE SAMPLES FOR
Mycoplasmatales
1 Farm M.bovis A,laidlawii M.bovis + A.laidlawii \
1 A 1 1 1
1 B - 2 1
I C 3 1 1
1 D - 3 1
1 E - 1 I
1 F - 2 1
1 G 2 2 1 1
1 TOTAL 6 12 1 1
M,bovis and A,laidlawii were isolated from animals aged 15 days (each 
organism from a different animal), and M.bovis was isolated from 2 
animals aged 1 month. This finding shows that colonization by
mycoplasmas occurs in very young calves which could lead to respiratory 
infection when the equilibrium between host-pathogen is brokeiv.
An attempt was made to control contaminants by adding thallium acetate 
to E broth, which diminished but did not eliminate the growth of 
contaminants. As the 0.45^m disposable filters must be imported and are 
very expensive in Brazil, other antibiotics were tested to be included 
in E broth, for suppression of contaminants normally present in field 
samples such as nasal swabs.
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EXPERIMENT 2 : ISOLATION AND IDENTIFICATION OF CONTAMINANT BACTERIA FROM 
NASAL DISCHARGES, CULTURED IN E BROTH
All 144 samples were cultured for the presence of contaminant bacteria. 
From these, five gave negative results, and the bacteria isolated from 
all others were typed biochemically and are shown in Table 1.2.1.
Mycoplasmatales and bacteria were isolated from 18 samples. A pure 
isolate of M.bovis was obtained from only one sample (List 1.2.1 and 
Figure 1.2.1). Escherichia coli was the most frequent bacterium 
isolated, being present alone in 46 samples and in combination with 
other bacteria in 45 samples as shown in Figure 1.2.2. Klebsiella 
pneumoniae was the second most frequent (39 isolates), followed by 
Bacillus subtilis (29 isolates). Streptococcus sp. (15 isolates) and 
Serratia marcescens (11 isolates). Only one isolation each of 
Staphylococcus aureus and Pseudomonas aeruginosa was obtained.
From the positive isolates, 18 different combinations of bacteria were 
obtained, and are presented on List 1.2.2 and Figure 1.2.3. The most 
frequent combination of bacteria was E.coli and Kl.pneumoniae (16 
isolates) followed by E.coli and B.subtilis (8 isolates).
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TABLE 1.2.1 : BACTERIA ISOLATED FROM NASAL DISCHARGES OF CALVES 
COLLECTED IN BRAZIL
Number of times each bacterium was isolated from 144 animals
BACTERIUM
1 1 
1 ALONE 1 
1 1
IN COMBINATION I TOTAL
Escherichia coli
1 1 
1 46 1 
1 1
45 1 91
Klebsiella pneumoniae
1 1 
1 10 1 
1 1
29 1 39
Bacillus subtilis
1 1 
1 11 1 1 1
18 1 29
Streptococcus sp.
1 1 
1 3 1 
1 1
12 1 15
Serratia marcescens
1 1 
1 1 1 1 1
10 1 11
Acinetobacter calcoaceticus
1 1 
1 7 1 
1 1
1 1 8
Hafnia alvei
1 1 
i 3 1 
1 1
2 1 5
Staphylococcus epidermidis
1 1 
1 2 1 
1 1
1 1 3
Enterobacter cloacae
1 1 
i 1 I 1 1
1 1 2
Sarcina sp.
1 1 
1 2 1 
1 1
- 1 2
Staphylococcus aureus
1 1 
1 1
1 1 1
Pseudomonas aeruginosa
1 1 
1 1 1 
1 1
- 1 1
Negative
1 1 
1 5 1
_L...
- 1 5
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LIST 1.2.1 : BACTERIA AND Hycaplasmatales ISOLATED FROM 144 NASAL 
DISCHARGES OF CALVES, COLLECTED IN BRAZIL
SAMPLE IDENTIFICATION NO BACTERIA AND Mycoplasmatales ISOLATED
22, 65, 93, 110, 142, 144 Acholeplasma laidlawii + Escherichia coli
17, 124 Mycoplasma bovis + Escherichia coli
56 Acholeplasma laidlawii + Sarcina sp.
84 Acholeplasma laidlawii + Bacillus subtilis
117 Acholeplasma laidlawii + Streptococcus sp.
77 Acholeplasma laidlawii + Staphylococcus 
epidermidis
69 Mycoplasma bovis + Acinetobacter 
calcoaceticus
66 Mycoplasma bovis + Sarcina sp.
137 Acholeplasma laidlawii + Mycoplasma bovis + 
Acinetobacter calcoaceticus
38 Acholeplasma laidlawii + Klebsiella 
pneumoniae + Bacillus subtilis
88 Acholeplasma laidlawii + Escherichia coli + 
Klebsiella pneumoniae + Staphylococcus 
aureus
72 Mycoplasma bovis + Escherichia coli + 
Klebsiella pneumoniae + Staphylococcus sp.
141 Mycoplasma bovis (alone)
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Fig.1.2.2
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LIST 1.2.2 : BACTERIA ISOLATED FROM NASAL DISCHARGES OF CALVES, 
COLLECTED IN BRAZIL
Bacteria isolated in combination with other from the animals
BACTERIA NO. OF ISOLATES
Escherichia coli + Klebsiella pneumoniae
Escherichia coli + Bacillus subtilis
Escherichia coli + Serratia marcescens
Escherichia coli + Streptococcus sp.
Escherichia coli + Hafnia alvei
Escherichia coli + Klebsiella pneumoniae + 
Staphylococcus epidermidis
Escherichia coli + Klebsiella pneumoniae + 
Stapylococcus aureus
Escherichia coli + Klebsiella pneumoniae + 
Serratia marcescens
Escherichia coli + Klebsiella pneumoniae + 
Streptococcus sp.
Escherichia coli + Klebsiella pneumoniae + 
Bacillus subtilis
Escherichia coli + Streptococcus sp. + Bacillus 
subtilis + Hafnia alvei
Escherichia coli + Streptococcus sp. + Bacillus 
subtilis + Serratia marcescens
Klebsiella pneumoniae + Serratia marcescens
Klebsiella pneumoniae + Bacillus subtilis
Klebsiella pneumoniae + Serratia marcescens + 
Enterobacter cloacae
Bacillus subtilis + Acinetobacter calcoaceticus 
Bacillus subtilis + Streptococcus sp.
Serratia marcescens + Streptococcus sp.
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The biochemical tests used for identification of Enterobacteriacea are 
described in Table 1.2.2. The other bacteria were classified by the 
Gram staining technique, characteristic shape and size, characteristic 
growth in solid medium, biochemical tests (mainly catalase and oxidase 
production, and nitrate reduction), haemolysis in blood agar and 
coagulase production. Acinetobacter calcoaceticus was identified by 
biochemical tests and was differentiated from Enterobacteriaceae by its 
inability to growth under anaerobic conditions.
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TABLE 1.2.2 : BIOCHEMICAL TESTS PERFORMED FOR Enterobacteriacea 
CLASSIFICATION (ACCORDING TO BERGEY’S MANUAL OF 
SYSTEMATIC BACTERIOLOGY, 1984)
TEST
I 1
Enterob.] E.coli | 
cloacae | | 
1 1
1
Hafnia | 
alvei 1
Klebs.
pneumoniae
Serratia
marcescens
Indol production -
1
1 + 
1
1
11
1
1
- -
Methyl red -
1
1 + 
1
1
1
1
1
d 1 
1
[-] [-]
Voges-Proskauer +
1
1
1
11
1
d 1 
1
+ +
Simmon’s Citrate +
1
1
1
11
1
+ +
Hydrogen sulfide -
1
1
1
1
- -
Urease d
1
1
1
11
1
1
+ [-]
Lysine decarboxylase - 1 [+] 
1
1
1
1
1
+ 1 
1
+ +
Arginine dihydrolase + 1 [-] 
1
1
11
1
1
- -
Ornithine decarbox. +
1
1 d 
1
1
11
1
+ 1 
1
- +
Motility + 1 [+]
1
1
1
1
+ 1 
1
- +
D-Glucose, acid/gas +/+ 1 +/+ 
1
1
1
1
+/+ 1 
1
+/+ +/d
Lactose + 1 + 
1
1
11
1
1
+ -
Sucrose +
1
1 d
1
1
1
+ +
L-arabinose +
1
1 + 
1
1
11
1
+ 1 
1
+ -
Raffinose +
1
1 d 
1
1
11
1
1
+ -
NO^' -- NOg" +
1
1 + 
1
1
1
1
+ 1 
1
+ +
Oxidase, Kovacs’ -
1
1
1
1
1
1
1
- -
Interpretation :
+ - 90 to 100 per cent of strains are positive
[+] =■ 76 to 89 per cent of strains are positive
d = 26 to 75 per cent of strains are positive
[-] = 11 to 25 per cent of strains are positive
= 0 to 10 per cent of strains are positive
122
CODE FOR INTERPRETATION OF FIGURES 1.2.1, 1.2.2 and 1.2.3
1 CODE MICRO-ORGANISM |
I ^ Acholeplasma laidlawii j
1 B Bacillus subtilis |
1 C Acinetobacter calcoaceticus j
1 E Escherichia coli j
1 H Hafnia alvei |
1 K Klebsiella pneumoniae j
1 M Mycoplasma bovis j
1 N Sarcina sp. |
1 P Pseudomonas aeruginosa |
1 R Serratia marcescens j
I s Streptococcus sp. j
1 T Enterobacter cloacae j
1 Y Staphylococcus aureus j
1 y Staphylococcus epidermidis j
1 z no isolation J
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EXPERIMENT 3 : ANTIBIOTIC SENSITIVITY OF CONTAMINANT BACTERIA FROM
NASAL DISCHARGES CDLTDRED IN E BROTH, COMPARED WITH SENSITIVITY OF 
Mycaplasmatales
Antibiotic sensitivity tests were carried out in vitro using 
commercially available impregnated discs. A total of 1224 sensitivity 
tests was done, using 30 different antibacterial drugs tested against 10 
genera of contaminant bacteria, comprising a total of 51 different 
bacterial strains. The results were obtained as inhibition zones (in 
mm) and expressed as Sensitive - S; Intermediate - I; and Resistant - R. 
For the contaminant bacteria, the standard table of sensitivities was 
followed as shown in Table 1.3.1.
A total of 540 sensitivity tests was carried out against 18 strains of 
Mycoplasmatales belonging to the genus Mycoplasma (10 strains) and 
Acholeplasma (8 strains), using the same 30 antibiotics as tested on 
bacteria. The results were obtained by means of inhibition zones (in 
mm) and expressed in the same way as for bacteria (S,I,R). However, as 
a different medium was used to perform the test (E plates instead of 
Mueller Hinton plates) and the results obtained were expected to be 
interpreted in another way, a different criterion was followed for 
reading the sensitivity test for Mycoplasmatales:
Sensitive - When a zone of inhibition equal or higher than 10mm
was observed.
Intermediate - When a zone of inhibition smaller than 10mm was
observed.
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Table 1.3.1 : INTEPRETATION OF INHIBITION ZONES OF THE ANTIBACTEELEAL
DRUGS TESTED FOR GRAM POSITIVE AND GRAM NEGATIVE BACTERIA
ANTIBIOTICS
ABBRE­
VIATION
DISC 
CONCEN­
TRATION 
IN Mg
ZONE OF INHIBITION IN nun
RESISTANT INTERMEDIATe] SENSITIVE
AMIKACIN 1 AM 30 <15 1 15-16 1 >16
AMPICILLIN I AP 10 <12 1 12-13 1 >13
CARBENICILLIN j CR 100 <18 1 18-22 1 >22
CEPHALEXIN | CN 30 <15 1 15-17 1 >17
CEPHALOTHIN | CF 30 <15 1 15-17 1 >17
CEPHAZOLIN I CZ 30 <15 1 15-17 1 >17
CEFOTAXIME j CT 30 <15 1 15-22 I >22
CEFOXITIN 1 CX 30 <15 1 15-17 1 >17
CEFTRIAXONE j R 30 <19 1 19-20 1 >20
CLINDAMYCIN j Cl 2 <15 1 15-16 1 >16
CHLORAMPHENICOL j CO 30 <13 1 13-17 1 >17
ERYTHROMYCIN j El 15 <14 1 14-17 1 >17
FOSFOMYCIN j FO 50 <12 1 12-17 1 >17
GENTAMYCIN j GN 10 <13 1 13-14 1 >14
KANAMYCIN | KN 30 <14 1 14-47 1 >17
LINCOMYCIN 1 LI 15 <15 1 15-16 1 >16
NALIDIXIC ACID j AN 30 <14 1 14-18 1 >18
NETILMYCIN | NET 30 <13 1 13-14 1 >14
NITROFURANTOIN j NT 300 <15 1 15-16 1 >16
NORFLOXACIN j FX 10 <13 1 13-16 1 >16
OXACILLIN 1 OX 5 <11 I 11-12 1 >12
PENICILLIN 1 PN 10 <17 1 17-23 1 >23
PIPEMIDIC ACID I PP 20 <14 1 14-18 1 >18
RIFAMPICIN 1 RI 30 <12 1 12-18 1 >18
SISOMYCIN 1 S 10 <15 1 15-17 1 >17
SULPHAZOTRIM j SFT 25 <11 1 11-15 1 >15
SULPHONAMIDE | SF 300 <13 1 13-16 1 >16
TETRACYCLINE j TT 30 <15 1 15-18 1 >18
TOBRAMYCIN j TB 10 <13 1 13-14 1 >14
VANCOMYCIN VC 30 <10 1 10-11 1 >11
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Resistant - When no inhibition at all was observed.
As the main objective of this experiment was to obtain a better 
antibiotic for inclusion in E broth to enhance Mycoplasmatales 
isolation, any inhibition produced by the antibiotic eliminated it from 
consideration. So strains other than those isolated from nasal 
discharges in Brazil (Experiment 1) were tested as well, covering a 
wider range of Mycoplasmatales, to ensure the success of further 
isolations from field and laboratory strains.
A list of the antibacterial drugs used to perform this experiment is 
shown (List 1.3.1), in which the drugs are divided in groups according 
to their classification (mechanism of action and chemical nature).
The selection of strains of contaminant bacteria to be tested against 
antibiotics was made in the following way: a) for the most frequent
bacteria isolated, a range between 18 and 30 per cent of strains of each 
bacterium was chosen at random, i.e. E.coli - 17 strains, Kl.pneumoniae 
- 7 strains; B,subtilis - 6 strains; Streptococcus sp. - 5 strains and 
Ser.marcescens - 2 strains; b) for the remaining bacteria between 50 and 
100 per cent of strains was used. Although S.epidermidis, S. aureus and 
P. aeruginosa had been isolated in a very low frequency, they were 
included in the test due to their known presence in other field 
material, such as milk samples, which are also often tested for the 
presence of mycoplasmas.
For Mycoplasmatales, the number of strains to be tested was selected 
arbitrarily, and 4 out of 7 M.bovis strains and 4 out of 13 A.laidlawii
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List 1.3.1 ; Classification of antibacterial drugs tested in the project 
against Bacteria and Hycaplasmatales
GROUP DRUG TESTED |
Sulphonamides SULPHAZOTRIM |
SULPHONAMIDE j
Penicillins PENICILLIN G 1 
OXACILLIN 1 
AMPICILLIN 1 
CARBENICILLIN j
Cephalosporins CEPHALOTHIN | 
CEPHAZOLIN 1 
CEPHALEXIN | 
CEFOTAXIME | 
CEFTRIAXONE j
Cephamycin CEFOXITIN 1
Chloramphenicol CHLORAMPHENICOL |
Tetracycline TETRACYCLINE |
Aminoglycosides and NETILMYCIN |
Aminocyclitols KANAMYCIN j 
GENTAMICIN | 
TOBRAMYCIN | 
SISOMYCIN 1
AMIKACIN 1
Macrolides and ERYTHROMYCIN |
Lincosamides LINCOMYCIN I 
CLINDAMYCIN j
Synthetic NALIDIXIC ACID |
antimicrobial agents PIPEMIDIC ACID I 
NITROFURANTOIN | 
NORFLOXACIN |
Anti-bacterial VANCOMYCIN |
antibiotics RIFAMPICIN 1 
FOSFOMYCIN j
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strains were chosen at random to perform the test. From the Mycoplasma 
Section Culture Collection two M.bovis and two k.laidlawii strains were 
selected to be tested and compared with the field strains (primary 
isolates not adapted yet for growing in artifical medium). To complete 
the samples, strains of M.bovirhinis (2), M.dispar (1), M.bovoculi (1), 
A.oculi (1) and A.axanthum (1) were also introduced in the study, as 
they are organisms likely to be isolated from nasal discharges of 
calves.
The results obtained in this experiment are shown from Table 1.3.2 to 
Table 1.3.4 for contaminant bacteria and from Table 1.3.5 to Table 1.3.8 
for Mycoplasmatales.
Almost all work developed with contaminant bacteria was carried out in 
Brazil. Unfortunately some antibiotics were not available for testing
against all the strains selected. So in some instances only few samples
were tested against those particular antibiotics. For this reason, the
results had to be tabulated in different ways, as shown from Table 1.3.9
to Table 1.3.13.
All antibiotics used for contaminant bacteria were tested against 
Mycoplasmatales. The results were obtained using the same impregnated 
discs described in materials and methods (obtained in Brazil) except for 
Rifampicin, Sisomycin, Ceftriaxone, Cephalexin, Norfloxacin and 
Lincomycin, obtained in England from Oxoid (Oxoid Ltd, Hampshire, 
England).
The sensitivities of Mycoplasma and Acholeplasma species are shown in
128
Tables 1.3.14 and 1.3.15 respectively. In Appendices IV and V are
illustrated the results obtained for contaminant bacteria and 
Mycoplasmatales. In Appendix VI a list of abbreviations used to arrange 
the Tables and Figures is presented.
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Table 1.3.9 : SENSITIVITY HH VITRO OF GRAM NEGATIVE AND GRAM POSITIVE
BACTERIA TO 30 DIFFERENT ANTIBACTERIAL DRUGS
1 ANTIBIOTICS 1
ABBRE­
VIATION
DISC 
CONCEN­
TRATION 
IN Aig
SENSITIVITY RESULT
RESTS-I INTERME-1SENSI- 
TANT 1 DIATE j TIVE 
1 1
I TOTAL OFI 
1 SAMPLES 1 
1 TESTED 1
1 AMIKACIN 1 AM 30
1
29 1 3 1 19 1 51 1
1 AMPICILLIN 1 AP 10 45 I - 1 6 1 51 1
1 CARBENICILLIN | CR 100 43 1 3 1 5 1 51 1
1 CEPHALEXIN | CN 30 18 1 1 1 9 1 28 1
1 CEPHALOTHIN j CF 30 33 1 4 1 14 1 51 1
1 CEPHAZOLIN 1 CZ 30 20 1 1 1 2 1 23 1
1 CEFOTAXIME j CT 30 23 1 4 1 24 1 51 1
1 CEFOXITIN 1 CX 30 43 1 5 1 3 1 51 1
1 CEFTRIAXONE | R 30 9 1 - 1 19 1 28 1
1 CLINDAMYCIN | Cl 2 21 1 - 1 2 1 23 1
1 CHLORAMPHENICOL j CO 30 15 1 2 1 34 1 51 1
I ERYTHROMYCIN j El 15 38 1 - 1 13 1 51 1
1 FOSFOMYCIN j FO 50 10 1 6 I 7 1 23 1
I GENTAMYCIN | GN 10 16 1 2 1 33 1 51 1
I KANAMYCIN | KN 30 12 1 6 1 5 1 23 1
1 LINCOMYCIN I LI 15 28 1 - 1 I 28 1
1 NALIDIXIC ACID .| AN 30 29 I 4 1 18 1 51 1
1 NETILMYCIN j NET 30 17 1 - 1 34 1 51 1
I NITROFURANTOIN j NT 300 36 1 2 1 13 1 51 1
1 NORFLOXACIN j FX 10 3 1 - 1 25 1 28 1
1 OXACILLIN 1 OX 5 46 1 - 1 5 1 51 1
1 PENICILLIN 1 PN 10 50 1 - 1 1 1 51 1
1 PIPEMIDIC ACID I PP 20 18 1 2 1 3 1 23 1
1 RIFAMPICIN 1 RI 30 29 1 - 1 4 1 33 1
I SISOMYCIN I S 10 5 1 - 1 23 1 28 I
1 SULPHAZOTRIM j SFT 25 31 1 - 1 20 1 51 1
I SULPHONAMIDE | SF 300 13 1 - . 1 5 1 18 1
1 TETRACYCLINE | TT 30 30 1 9 1 12 1 51 1
1 TOBRAMYCIN j TB 10 22 1 1 1 28 1 51 ;
I VANCOMYCIN | VC 30 39 1 
1-
1 12 1 51 1
1 TOTAL OF SENSITIVITY TESTS DONE 771 1 
1
55 1 398 1 1224 1
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Table 1.3.10 : ANTIBACTEEIIAL DRUGS TESTED IN VITRO AGAINST ALL GRAM
NEGATIVE BACTERIA ISOLATED
I ANTIBIOTIC
1
1 SENSITIVITY RESULTS 
1 __ I+S PERCENTAGE
SENSITIVE
I+S 1
% j
1
1 RESTS-
|TANT
1
INTER­
MEDIATE
SENSI­
TIVE
1 AMIKACIN
1
1 18 
1
3 15 18 41.7 50.0|
1 AMPICILLIN
1
1 30 
1
0 6 6 16.7 16.71
1 CARBENICILLIN
1
1 34 
1
0 2 2 5.5 5.5 1
1 CEPHALOTHIN
1
1 22 
1
1 13 14 36.1 38.9 1
1 CEFOTAXIME
1
1 8 4 24 28 66.7 77. 8 1
1 CEFOXITIN
1
1 32 
1
1 3 4 8.3 11.1)
1 CHLORAMPHENICOL
1
1 11 1
0 25 25 69.4 69.4|
1 ERYTHROMYCIN
1
1 34 
1
0 2 2 5.5 5.5 1
1 GENTAMYCIN
1
1 6 
1
1 29 30 80.5 83.3 1
1 NALIDIXIC ACID
1
1 15 
1
4 17 21 47.2 58.3 1
1 NETILMYCIN
1
1 8 
1
0 28 28 77.8 77.81
1 NITROFURANTOIN 1 30 
1
0 6 6 16.7 16. 7 1
1 OXACILLIN
1
1 31 0 5 5 13.9 13.9 1
1 PENICILLIN
1
1 35 
1
0 1 1 2.8 2.8|
1 SULPHAZOTRIM 1 18 0 18 18 50.0 50.0|
1 TETRACYCLINE
1
1 25 7 4 11 11.1 30.5|
1 TOBRAMYCIN
1
1 12 
1
1 23 24 63.9 66.71
1 VANCOMYCIN
1
1 34 
1
0 2 2 5.5 5.5|
1 TOTAL OF TESTS
1
1 403 
1
22 223 245 34.4 37. 8 1
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Table 1.3.11 : ANTIBACTEELEAL DRUGS TESTED IN VITRO AGAINST ALL GRAM
POSITIVE BACTEEUA ISOLATED
I ANTIBIOTIC
1
1 SENSITIVITY RESULTS 
1 _ I+S PERCENTAGE
SENSITIVE
I+S I 
% 1
1
IRESIS-
ITANT
1
INTER­
MEDIATE
SENSI­
TIVE
1 AMIKACIN
1
1 11 0 4 4 26.7 26.71
1 AMPICILLIN
1
1 15 0 0 0 0 0 1
1 CARBENICILLIN
1
I 9 
1
3 3 6 20.0 40.01
1 CEPHALOTHIN
1
1 11 
1
3 1 4 6.7 26.71
1 CEFOTAXIME
1
1 15 1
0 0 0 0 0|
1 CEFOXITIN
1
1 11 4 0 4 0 26.71
1 CHLORAMPHENICOL
1
1 4 2 9 11 60.0 73.31
1 ERYTHROMYCIN
1
1 4 
1
0 11 11 73.3 73.31
1 GENTAMYCIN 1 10 1 4 5 26.7 33.31
1 NALIDIXIC ACID
1
1 14 0 1 1 6.7 6.7|
1 NETILMYCIN
1
1 9 
1
0 6 6 40.0 40.01
1 NITROFURANTOIN 1 6
I
2 7 9 46.7 60,0|
1 OXACILLIN
1
1 15 1
0 0 0 0 0 1
1 PENICILLIN
1
1 15 
1
0 0 0 0 0 1
1 SULPHAZOTRIM
1
1 13 0 2 2 13.3 13.31
1 TETRACYCLINE
1
1 5 
1
2 8 10 53.3 66.71
1 TOBRAMYCIN 1 10 0 5 5 33.3 33.31
1 VANCOMYCIN
1
1 5 
1
0 10 10 66.7 66.71
1 TOTAL OF TESTS
1
1 182 17 71 88 26.3 52.21
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Table 1.3.12 : ANTIBACTEEŒAL DRUGS TESTED IS VITRO AGAINST SOME GRAM
NEGATIVE BACTERIA ISOLATED
1 ANTIBIOTIC
1 1 
1 SENSITIVITY RESULTS j 
1__ 1 T j-C 1 PERCENTAGE| 
I SENSITIVE I
I+S 1 
% I
1
IRESIS-
ITANT
1
INTER­
MEDIATE
SENSI-I 
TIVE 1
1 Cephalexin
1
1 14 
1
1 9 1 10 1 37.5 1 41.7 1
I Cephazolin
1
1 9 
1
1 2 1 3 1 16.7 1 25.0 1
1 Ceftriaxone
1
1 5 
1
0 19 1 19 1 79.2 1 79.2 1
I Clindamycin
1
1 11 
1
0 1 1 1 1 8.3 1 8.3 1
j Fosfomycin
1
i 8 
1
3 1 1 4 1 8.3 1 33.3 1
I Kanamycin
1
1 4 
1
4 4 1 8 1 33.3 1 66.7 1
1 Lincomycin 1 24 
1
0 0 1 0 1 0 1 0 1
I Norfloxacin
1
1 2 
1
0 22 1 22 1 91.7 1 91.7 1
1 Pipemidic Acid
1
1 8 
1
1 3 1 4 1 25.0 1 33.3 1
1 Rifampicin
1
1 23 
1
0 4 1 4 1 14.8 1 14.8 1
1 Sisomycin
1
1 3 
1
0 21 1 21 1 87.5 1 87.5 1
I Sulphonamide
1
1 4 
1
0 5 1 5 1 55.6 1 55.6 1
1 TOTAL OF TESTS
1
1 115 
1
10 91 1 101 1 42.1 1 46.8 1
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Table 1.3.13 : ANTIBACTEEŒAL DRUGS TESTED IS VITRO AGAINST SOME GRAM
POSITIVE BACTERIA ISOLATED
I ANTIBIOTIC
1 1 
1 SENSITIVITY RESULTS |
1.................. I
1 RESTS- 1 INTER- |SENSI-| 
ITANT 1 MEDIATE 1TIVE | 
i 1 1 1
I+S
1 1 
1 1 
1 PERCENTAGE| 
1 SENSITIVE 1 
1 1 
1 1
I+S 1 
% 1
1 Cephalexin
1
1 4 
1
0 0 1 0
1 1 
1 0 I 
1 1
0 1
I Cephazolin 1 11 1
0 0 1 0
1 1 
1 0 1 
1 1 0 1
I Ceftriaxone
1
1 4 
1
0 0 1 0
1 1 
1 0 1 0 1
1 Clindamycin 1 10 
1
0 1 1 1
1 1 
1 100.0 1 
1 1
100.0 1
I Fosfomycin
1
1 2 
1
3 6 1 9 1 54.5 1 
1 1
81.8 1
1 Kanamycin
1
1 8 
1
2 1 1 3 1 9.1 1 
1 1
27.3 1
1 Lincomycin
1
1 4 
1
0 0 I 0
1 1 
1 0 1 
1
0 1
1 Norfloxacin
1
1 1 0 3 1 3 1 75.0 1 
1 1
75.0 1
I Pipemidic Acid 1 10 1 0 1 1
1 1 
1 0 I 
1 1
10.0 1
I Rifampicin
1
I 6 
1
0 0 1 0
1 1 
i 0 1 
1
0 1
I Sisomycin
1
1 2 
1
0 2 1 2 1 50.0 I 
1 1
50.0 1
I Sulphonamide
1
1 9 
1
0 0 1 0
1 1 
I 0 1 
1 1
0 1
1 TOTAL OF TESTS
1
1 71 
1
6 13 I 19
1 1 
1 14.4 1 
1 1
21.1 1
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Table 1.3.14 ANTIBACTEÏMAL DRUGS TESTED IS VITRO AGAINST Sycaplasua
SPECIES
1 ANTIBIOTIC
SENSITIVITY RESULTS
RESTS-1 INTER- jSENSI- 
TANT 1 MEDIATE 1TIVE
TOTAL I+S
1 1 1 
1 1 1 
1 PERCENTAGE| I+S | 
1 SENSITIVE 1 % 1 
1 1 1 
1 1 1
I Amikacin 2 1 7 1 10 8 1 10.0
1
1 80 0 1
I Ampici11in 10 1 0 0 10 0 1 0 1 0
1 Carbenicillin 10 1 0 0 10 0 1 0 1 0
I Cephalexin 10 1 0 0 10 0 1 0 1 0
I Cephalothin 10 1 0 0 10 0 1 0 1 0
I Cephazolin 10 1 0 0 10 0 1 0 1 0
I Cefotaxime 10 1 0 0 10 0 1 0 1 0
I Cefoxitin 10 1 0 0 10 0 1 0 1 0
I Ceftriaxone 10 1 0 0 10 0 1 0 1 0
I Clindamycin 0 1 0 10 10 10 1 100.0 |100 0 1
I Chloramphenicol 0 1 0 10 10 10 1 100.0 |100 0 1
1 Erythromycin 9 1 1 0 10 1 1 0 1 10 0 1
I Fosfomycin 10 1 0 0 10 0 1 0 1 0
1 Gentamycin 0 1 7 3 10 10 1 30.0 jlOO 0 1
I Kanamycin 0 1 8 2 10 10 1 20.0 |100 0 1
1 Lincomycin 0 1 3 7 10 10 1 70.0 |100 0 1
1 Nalidixic Acid 7 1 2 1 10 3 1 10.0 1 30 0 1
I Netilmycin 0 1 7 3 10 10 1 30.0 |100 0 1
I Nitrofurantoin 0 1 0 10 10 10 1 100.0 |100.0 1
I Norfloxacin 0 1 5 5 10 10 1 50.0 |100 0 1
I Oxacillin 10 1 0 0 10 0 1 0 1 0
1 Penicillin 10 1 0 0 10 0 1 0 1 0
1 Pipemidic Acid 9 1 1 0 10 1 1 0 1 10 0 1
1 Rifampicin 10 1 0 0 10 0 1 0 1 0
1 Sisomycin 9 1 1 0 10 1 1 0 1 10 0 1
I Sulphazotrim 9 1 1 0 10 1 1 0 1 10 0 1
1 Sulphonamide 10 1 0 0 10 0 1 0 1 0
j Tetracycline 0 I 0 10 10 0 1 100.0 1100 0 1
I Tobramycin 10 1 0 0 10 0 1 0 1 0
1 Vancomycin 10 1 0 0 10 0 1 0 1 0 
1
1 TOTAL OF TESTS 205 1 43 52 300 95 1 17.3 1 31 
1
7 1
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Table 1.3.15 ANTIBACTERIAL DRUGS TESTED IN VITRO AGAINST Acholeplasma
SPECIES
1 ANTIBIOTIC
1
1 SENSITIVITY RESULTS
1RESTS-1 INTER- jSENSI- 
ITANT 1 MEDIATE 1TIVE 
1 1 1
1
1
TOTAL!
1
1
1
I+S PERCENTAGE
SENSITIVE
I+S 1 
% 1
I Amikacin
1
1 0 4 4
1
8 1 8 50.0 100.0 1
I Ampicillin 1 8 0 0 8 1 0 0 0 1
I Carbenicillin 1 8 0 0 8 1 0 0 0 1
I Cephalexin 1 8 0 0 8 1 0 0 0 1
I Cephalothin 1 8 0 0 , 8 1 0 0 0 1
j Cephazolin 1 8 0 0 8 1 0 0 0 1
I Cefotaxime 1 8 0 0 8 1 0 0 0 1
I Cefoxitin 1 8 0 0 8 1 0 0 0 1
I Ceftriaxone I 8 0 0 8 I 0 0 0 1
I Clindamycin 1 0 0 8 8 1 8 100.0 100.0 1
1 Chloramphenicol 1 0 0 8 8 1 8 100.0 100.0 I
I Erythromycin 1 0 0 8 8 1 8 100.0 100.0 I
1 Fosfomycin 1 8 0 0 8 I 0 0 0 1
I Gentamycin 1 0 6 2 8 1 8 25.0 100.0 1
1 Kanamycin 1 1 6 1 8 1 7 12.5 87.5 1
1 Lincomycin 1 0 0 8 8 1 8 100.0 100.0 1
1 Nalidixic Acid 1 7 1 0 8 I 1 0 12.5 1
I Netilmycin 1 0 5 3 8 1 8 37.5 100.0 1
I Nitrofurantoin 1 0 0 8 8 1 8 100.0 100.0 I
I Norfloxacin 1 0 2 6 8 1 8 75.0 100.0 I
j Oxacillin 1 8 0 0 8 I 0 0 0 1
1 Penicillin 1 8 0 0 8 1 0 0 0 1
1 Pipemidic Acid 1 7 1 0 8 1 1 0 12.5 1
j Rifampicin 1 0 0 8 8 1 8 100.0 100.0 1
I Sisomycin 1 8 0 0 8 1 0 0 0 1
I Sulphazotrim 1 6 1 1 8 I 2 12.5 25.0 1
I Sulphonamide 1 8 0 0 8 1 0 0 0 1
I Tetracycline i 0 0 8 8 1 8 100.0 100.0 1
I Tobramycin I 8 0 0 8 1 0 0 0 1
I Vancomycin 1 8 
1
0 0 8 1 
1
0 0 0 1
1 TOTAL OF TESTS
1
1 141 
1 ....
26 73
1
240 1 
1
99 30.4 41.3 1
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The resistance to antibiotics may be transferred from cell to cell by 
three main mechanisms: transformation, transduction and conjugation. It 
was noted (mainly with Gram negative bacteria) that there was a variable 
degree of susceptibility for the same antibiotic when different strains 
of the same organism were tested. This finding can be explained by the 
indiscriminate use of antibiotics by farmers in Brazil, without proper 
isolation of the causal agent, when respiratory symptoms, diarrhoea and 
other disorders are diagnosed in the bovine population. For instance, 
the degree of susceptibility for Chloramphenicol was markedly variable 
when strains of E.coli isolated from different farms were compared. In 
an attempt to avoid the growth of contaminant bacteria present in field 
material, the results classified as intermediate and sensitive were 
studied together, to select the most effective antibiotic to be 
introduced in E medium.
For Gram negative bacteria the most effective antibiotic tested against 
all strains (considering I+S results) was Gentamycin (83.3 per cent) 
followed by Netilmycin (77.8 per cent), Cefotaxime (77.8 per cent) 
Chloramphenicol (69.4 per cent) and Tobramycin (66.7 per cent). From 
the antibiotics tested against only some Gram negative bacteria, the one 
that showed the best results (I+S) was Norfloxacin (91.7 per cent), 
followed by Sisomycin (87.5 per cent). Ceftriaxone (79.2 per cent) and 
Kanamycin (66.7 per cent).
Analysing the results obtained for Gram positive bacteria, the most 
active antibiotic tested against all strains (I+S) was Erythromycin 
(73.3 per cent for S and I+S) followed by Chloramphenicol (60.0 per cent 
for S and 73.3 per cent for I+S), Vancomycin (66.7 per cent for S and
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I+S), Tetracycline (53,3 per cent for S and 66.7 per cent for I+S) and 
Nitrofurantoin (60.0 per cent). When only some bacteria were tested 
against the remaining antibiotics, the best I+S results were produced by 
Fosfomycin (81.8 per cent) followed by Norfloxacin (75.0 per cent) and 
Sisomycin (50.0 per cent).
For Mycoplasmatales, the results required were in terms of resistance 
rather than sensitivity. So for Mycoplasma and Acholeplasma species the 
antibiotics that produced no inhibition at all when tested in vitvo 
were: Ampicillin, Carbenicillin, Cephalexin, Cephalothin, Cephazolin,
Cefotaxime, Cefoxitin, Ceftriaxone, Fosfomycin, Oxacillin, Penicillin, 
Sulphonamide, Tobramycin and Vancomycin. Rifampicin did not exhibit any 
inhibition for Mycoplasma spp., but it showed 100 per cent inhibition 
for Acholeplasma spp. On the other hand, although Sisomycin was not 
effective at all against Acholeplasma spp. it produced inhibition on 
10.0 per cent (considering I+S results) of Mycoplasma spp..
As expected none of the antibacterial drugs that act as inhibitors of 
cell wall synthesis was active against Mycoplasmatales. The group was 
represented by the penicillins (Penicillin G, Oxacillin, Ampicillin and 
Carbenicillin); the cephalosporins (Cephalothin, Cephazolin, Cephalexin, 
Cefotaxime and Ceftriaxone); the cephamycin (Cefoxitin); and the anti­
bacterial antibiotics Vancomycin and Fosfomycin. One inhibitor of 
protein synthesis. Tobramycin, was also not active against 
Mycoplasmatales. Sisomycin (another inhibitor of protein synthesis) and 
Rifampicin (an inhibitor of nucleic acid synthesis) showed variable 
results for Mycoplasma and Acholeplasma species.
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The most effective antibiotic against Gram negative bacteria was 
gentamicin, an aminoglycoside that acts as an inhibitor of protein 
synthesis. For Gram positive bacteria, the most effective was 
Erythromycin, a macrolide which inhibits ribosome function. 
Unfortunately both drugs were also effective against Mycoplasmatales: 
Gentamycin being active for 100 per cent of the strains tested (I+S) 
values and Erythromycin showed 10.0 per cent and 100 per cent (I+S 
values) for Mycoplasma and Acholeplasma species respectively. 
Chloramphenicol showed activity for 69.4 per cent and 60.0 per cent of 
the Gram negative and Gram positive strains tested, but this inhibitor 
of ribosome function was also active against Mycoplasmatales (I+S = 100 
per cent).
In an attempt to choose antibacterial drugs active against both Gram 
negative and Gram positive bacteria, but not against Mycoplasmatales, an 
arbitrary level of sensitivity of 35 per cent or higher was selected as 
a limit. So all antibiotics that showed this level of sensitivity and 
did not inhibit Mycoplasmatales were selected for further study. The 
results obtained are presented in Table 1.3.16.
Minimal Inhibitory Concentration (MIC) tests were carried out for the 
contaminant bacteria isolated, using those antibiotics selected 
previously (35 per cent sensitivity): Tobramycin, Vancomycin,
Carbenicillin, Cephalothin and Fosfomycin. The tests were performed in 
either vials or microtitre plates, following the technique described by 
JAO and FINLAND (1967) and BRAUN et al. (1970) with some modifications. 
After the MIC’s were established for contaminant bacteria, 
Mycoplasmatales strains were tested against those antibiotic 
concentrations and the final result was obtained.
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Table 1.3.16 : ANTIBACTERIAL DRUGS ACTIVE AGAINST THE CONTAMINANT 
BACTERIA (SENSITIVITY OF 35 per cent OR HIGHER)
PERCENTAGE OF STRAINS SHOWING SENSITIVITY
DRUG
1
[Gram Negative
1 S 1 I + S 
1 1
Gram
S
Positive
I I + S 
1
Mycoplasma
spp.
Acholeplasma
spp.
AMIKACIN
1
141.7
1
1 50.0 26.7
1
1 26.7 I S
CARBENICILLIN 1 5.5 1 5.5 20.0 1 40.0 R R
CEPHALEXIN |37.5 1 41.7 0 1 0 R R
CEPHALOTIN |36.1 1 38.9 6.7 1 26.7 R R
CEFOTAXIME 166.7 1 77.8 0 I 0 R R
CEFTRIAXONE 179.2 1 79.2 0 1 0 R R
CHLORAMPHENICOL |69.4 1 69.4 60.0 1 73.3 S S
ERYTHROMYCIN I 5.5 1 5.5 73.3 1 73.3 R S
FOSFOMYCIN 1 8.3 1 33.3 54.5 1 81.8 R R
GENTAMYCIN 180.5 1 83.3 26.7 1 33.3 I I
KANAMYCIN |33.3 1 66.7 9.1 1 27.3 I I
NALIDIXIC ACID |47.2 1 58.3 6.7 1 6.7 I I
NETILMYCIN 177.8 1 77.8 40.0 1 40.0 I I
NITROFURANTOIN |16.7 1 16.7 46.7 1 60.0 S S
NORFLOXACIN 191.7 1 91.7 75.0 1 75.0 S S
SISOMYCIN 187.5 1 87.5 50.0 1 50.0 I R
SULPHAZOTRIM 150.0 I 50.0 13.3 1 13.3 R/S R/S
SULPHONAMIDE |55.6 1 55.6 0 1 0 R R
TETRACYCLINE jll.l 1 30.5 53.5 1 66.7 S S
TOBRAMYCIN |63.9 j 66.5 33.3 1 33.3 R R
VANCOMYCIN 1 5.5 
1
1 5.5 
1 ...
66.7 1 66.7 
1.
R R
S = Sensitive 
I — Intermediate 
R = Resistant
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The methodology used to perform the MIC test was as follows:
Minimal Inhibitory Concentration Test
MIC test was performed with 3 E.coli strains, 1 Kl.pneumoniae strain, 2 
B.subtilis strains, and 1 strain of each other bacterium previously 
reported. For Mycoplasmatales the test was performed with 2 strains of 
M.bovis, 2 of A.laidlawii and 1 strain of each other species described 
previously.
The medium used for propagating and maintaining the contaminant bacteria 
and Mycoplasmatales, and for diluting the antibiotic as well, was E 
broth from which ampicillin was omitted. A culture of each organism 
grown in E broth (for 24 hours at 37°C) was used to carry out the test.
The antibiotics were dissolved initially in distilled water to give a 
concentration of 30,000/ig per ml. Further doubling dilutions were done 
using E broth as diluent.
a) MIC Carried out In Vials
Serial doubling dilutions were made (in duplicate) in 0.5ml amounts of E 
broth, from 15,000pg per ml concentration to 460pg per ml. Further 
dilutions were done if necessary. To each sterile vial the organism to 
be tested was then added in 0.5ml aliquots (diluted at 1/100), and the 
mixture was shaken and incubated at 37^ C. The vials were checked daily 
for the presence of growth (colour change) and were subcultured on 
antibiotic-free E plates.
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As controls, antibiotic free cultures and uninoculated E broth vials of 
the highest dilution of each antibiotic were included in every test, and 
checked daily as for the proper test.
b) MIC Carried out on Micro titre Plates
The test was performed essentially as described for vials, but using 
sterile microtitre plates with a lid (NuncIon, Nunc, Denmark). The 
antibiotics were diluted in E broth (from 15,000^g per ml to 460/ig per 
ml) and 0.1 ml of each dilution was placed in duplicate in a microtitre 
plate. The culture of the organism was diluted 1/100 (in E broth) and
0. 1ml added to each well with antibiotic. The same controls as 
described elsewhere were introduced in this set of experiments and 
checking for colour change (growth) was done daily, followed by 
subculturing on E plates.
For contaminant bacteria the results were expressed as MIC, which was 
the lowest concentration of drug inhibiting colour change in broth by 
the test organism, and from which no viable organism was recovered after 
subculture onto E plates. For Mycoplasmatales the results were 
expressed as the highest concentration of antibiotic allowing the growth 
of the organisms, when subcultured on E plates. The results obtained 
were illustrated in Table 1.3.17. Tobramycin did not appear to be 
indicated for incorporation in the medium because even when used in a 
very small concentration (46.5pg/ml) the pH tended to be very acid, and 
poor growth was obtained with Mycoplasmatales. With Cephalothin the 
results showed bacterial resistance in concentrations up to 56,700^g/ml 
(for both Gram negative and Gram positive) and no further test was
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carried out.
With these results, the best alternative antibiotic to be used instead 
of or as well as Ampicillin in E broth is Carbenicillin combined with 
Vancomycin or Fosfomycin in a concentration of 15,000^g per ml; 31,200^g 
per ml; and 60,000^g per ml respectively. By the use of this 
combination the majority of the Gram negative and Gram positive 
contaminants will be supressed, allowing the growth of Mycoplasmatales 
present in field materials and their consequent identification.
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Table 1.3.17 : MINIMUM INHIBITORY CONCENTRATION RESULTS FOR GRAM 
NEGATIVE AND GRAM POSITIVE BACTERIA
1 DRUG |GRAM NEGATIVE GRAM POSTIIVE OBSERVATION |
1 CARBENICILLIN 1 15,OOOpg/ml 15,OOOpg/ml P,aeruginosa and | 
B.subtilis were resistant|
1 FOSFOMYCIN 1 60,OOOpg/ml 3,750/ig/ml B.subtilis was resistant |
1 TOBRAMYCIN I 46. 5^ ig/ml 46.5/ig/ml pH very acid j
1 VANCOMYCIN 1 31,200/zg/ml 7,SOO^g/ml P.aeruginosa and j 
B.subtilis were resistantj
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CHAPTER II
DEVELOPMENT OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY 
FOR Mycoplasma hovis SERODIAGNOSIS
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CHAPTER II
DEVELOPMENT OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY FOR Mycoplasma bovis 
SERODIAGNOSIS
During recent years there has been a great interest in the use of 
microtest procedures that require small amounts of test serum and 
reagents to enable larger numbers of samples to be tested quickly and 
economically (YODER, 1982).
A test which fulfils these criteria is the enzyme immunoassay (EIA)
which consists of a series of antigen-antibody reactions which result in 
the binding of an enzyme - labelled antibody to a solid phase. Enzyme- 
linked immunosorbent assay (ELISA) is a very sensitive yet simple test. 
It is objective and quantitative and the result obtained on a single 
serum dilution gives a relative measure of its antibody content (ENGVALL 
and PERLMANN, 1971; ENGVALL et al. 1971; ENGVALL and PERLMANN, 1972).
Furthermore, the reagents used do not present health hazards, are stable 
and have long shelf-lives. The adaptation of ELISA to disposable
microplates by VOLLER et al. (1974) makes it very convenient for use in
diagnostic laboratories and it was noted that the results may be 
estimated either visually or by spectrophotometry (VOLLER et al. 1976).
ELISA is being used increasingly for serological diagnosis of bacterial 
(GLYNN and ISON, 1981), viral (BIDWELL et al. 1977), parasitic (VOLLER 
et al. 1976) and fungal (SEGAL et al. 1979) infections. CARLSSON et al. 
(1972) were the first to apply the method in bacteriology, when they 
showed that human antibodies to Salmonella "0” antigens could be 
measured by this method with greater sensitivity than by the Widal
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reaction and with highly reproducible results.
ELISA has been used for the serodiagnosis of mycoplasma infections in 
man (BUSOLO et al. 1983), poultry (ANSARI et al. 1982), pigs (YOUNG and 
ROSS, 1987), rats and mice (MACHII et al. 1985), sheep and goats (KANYI 
KIBE et al. 1985), horses (AMMAR et al. 1980) and cattle (HOWARD et al. 
1983).
Several reports about the use of ELISA test for detection of antibodies 
to diagnose mycoplasma infections have been published. The ELIS As have 
been employed to detect antibodies against several species of 
Mycoplasma: M.pulmonis in rats and mice (HOROWITZ and CASSELL, 1978; 
VINCENT et al. 1984); M,pneumoniae in man (BUSOLO et al. 1980; RAISANEN 
et al. 1980; BUSOLO et al. 1983; DUSSAIX et al. 1983; WREGHITT and 
SILLIS, 1985; FISCHER et al. 1986); M.mycoides subsp. mycoides (ONOVIRAM 
and TAYLOR-ROBINSON, 1979); M.bovis (BOOTHBY et al. 1981; BOOTHBY et al. 
1982a); M.bovirhinis axid M.arginini (HAJKOVÂ and JURMANOVA, 1983); 
M.dispar and M.bovis (HOWARD et al. 1983); M.califomicum (THOMAS et al. 
1987), and M.bovis and M.califomiciun in cattle (THOMAS et al. 1987); 
M.gallisepticum (ANSARI et al. 1982; TALKINGTON et al. 1985) and 
M.gallisepticum and M.synoviae (OPITZ et al. 1983; HIGGINS and WHITHEAR, 
1986) in poultry; and M.hyopneumoniae (ARMSTRONG et al. 1983; PIFFER et 
al. 1984) in swine.
Attempts to use ELISA techniques for the diagnosis of M.bovis infections 
have increased since BOOTHBY et al. (1981) first described its use for 
the detection of M.bovis specific IgG in bovine serum. BOOTHBY et al. 
(1982a; 1982b) used a gel electrophoresis-derived enzyme-linked
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immunosorbent assay to study the immunological responses of cows 
resistant and susceptible to challenge exposure with M.bovis. In the 
same year, MILLS and FREY (1982) developed ELISA for the detection of 
antibodies to M.bovis and M.dispar in calves showing respiratory 
disease. HOWARD et al. (1983) also reported the detection of antibody 
to mycoplasma infections in bovine sera using ELISA. However, all these 
reports were obtained from only experimentally infected animals, and 
from only a few bovine sera; the test was not employed for survey 
purposes nor to diagnose infected animals in naturally infected herds.
In this Chapter, an ELISA test was developed and standardized for use in 
an epidemiological survey for the presence of humoral antibodies in 
animals exposed to M.bovis in the field.
In this survey, the bovine sera received by the Mycoplasma Section of 
the Central Veterinary Laboratory between January 1986 and July 1987 were 
tested for M.bovis antibodies by the ELISA method in comparison with 
DFIT and CFT.
The control of non-specific adsorption in ELISA is of major importance. 
With the widespread application of ELISA a number of modifications have 
been adopted to obtain a satisfactory reduction in background readings. 
The protein "filler" most frequently used has been bovine serum albumin 
(BSA) with or without Tween-20, as protective blocking agents (BULLOCK 
and WALLS, 1977).
Adsorption of antibody to plastics was first described by CATT and 
TREGEAR in 1967. Three years later, CATT et al. (1970) showed that
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other proteins can also adsorb to plastic surfaces. According to
HERRMANN and COLLINS (1976), two types of conditions should be 
considered in relation to this phenomenon: 1) deliberate adsorption,
e.g. in solid-phase immunoassay methods, and 2) incidental adsorption, 
e.g. in serological, preparative, and analytical studies, in which case 
adsorption could significantly alter the results obtained.
With the results obtained by CATT et al. (1970),they concluded that for 
polystyrene tubes the quantity of antibody adsorbed rose considerably 
with antiserum concentration and duration of coating. On the other 
hand, HERRMANN and COLLINS (1976) found that the percentage adsorption 
decreases greatly with increasing IgG concentration and that in 
situations where adsorption is desired and conservation of reagents is 
an important consideration, little is gained by use of high antibody 
concentrations. Further, for immunoassays an increased quantity of 
adsorbed antibody does not necessarily mean that an increase in the 
sensitivity of the test will result.
In ELISA an important factor that can interfere with the results is non­
specific adsorption of antibody to the antigen-coated plate. To 
overcome this problem, bovine serum albumin (BSA) and Tween-20 have been 
used (RUITENBERG et al. 1976), although BULLOCK and WALLS (1977) noted 
that the use of BSA was relatively expensive and time-consuming.
The specificity and sensitivity of the test are also much influenced by 
the quality of the antigen which is applied to the plate, and it was 
thought advisable to test both whole-cell and sonicated M.bovis antigen, 
with particular reference to which antigen preparation gave best
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differentiation between positive and negative antisera used in a high
dilution.
The solid phase, that is the carrier on which the reaction takes place, 
is an important and indispensable feature of the assay. The most 
popular form, as described by lANCONESCU (1985) is the microtitre plate 
with 96 wells, moulded from polystyrene or polyvinyl chloride. However, 
silicone tubing (KATO et al. 1977), plastic or metal-plastic beads 
(GUESDON and AVRAMEAS, 1977) and glass rods (HAMAGUCHI et al. 1976) all 
have their advocates.
In a laboratory that works with field material for diagnosis, it is 
difficult to predict the exact number of samples that will arrive in a 
given time, so it is desirable to have antigen-coated plates which can 
be stored at a convenient temperature for a reasonable time.
The DFIT and CFT are the routine tests used in many laboratories for the 
serodiagnosis of M.bovis infection. The main disadvantages and 
difficulties with CFT is that it is time-consuming and some mycoplasmes 
have anticomplementary activity. For the DFIT it is necessary to have a 
live culture of M.bovis against which the field sera are tested. This 
not only means up to 5 days before the test is read but there may be 
problems in obtaining standardized live culture antigen.
This Chapter was divided in two experiments as follows :
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EXPEELLMENT 1 : STANDARDIZATION OF THE ELISA TEST
It was necessary, at first, to develop and standardize the ELISA test to 
be used in serological surveys. In particular, four parameters were 
examined as follows:
1. Evaluation of BSA as a blocking agent.
2. Evaluation of whole-cell and sonicated cell antigen
3. Evaluation of polystyrene and polyvinyl chloride microtitre plates
4. Evaluation of coated-plate storage
EXPERIMENT 2 : COMPARISON BETWEEN ENZYME-LINKED IMMUNOSORBENT ASSAY,
DISC FILM INHIBITIW AND COMPLEMENT FIXATION TESTS
In addition, the test was compared with DFIT and CFT, both generally 
used in mycoplasma studies. A within-day and day-to-day study was done 
with a set of sera, to estimate the reproducibility of the ELISA 
results.
The colour development of the enzymatic reaction, after the addition of 
the HgSO^ was also studied, because this colour change would be 
important when large numbers of sera are being tested, and considerable 
time I's required to obtain all of the readings.
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MATERIALS AND METHODS 
EXPEEUMENT 1 : STANDARDIZATION OF THE ELISA TEST
For standardization of the test reagents and protocol, checkerboard 
titrations were carried out and all ELISA results were based on numerous 
replicate tests. Results were expressed as absorbance values (optical 
density - OD) at 490nm, using an ELISA plate reader (MR600 "Dynatech") 
with the aid of a computer (Hewlett Packard HP 85B). The absorbance 
reading was used to quantify the reaction intensity.
The indirect ELISA was performed by the method of ENGVALL and PERLMANN 
(1971; 1972), using microtitre plates.
One hundred (j,l of antigen diluted in O.IM carbonate-bicarbonate buffer 
at pH 9.6 (CBB - Appendix VIII ) was added to each well of the 
microtitre plates, which were then incubated overnight at 4°C. The 
antigen coated plates were washed in CBB the following morning. The 
procedure for washing the plates consisted in tapping out excess antigen 
onto a paper towel. The wells were then refilled with buffer and 
emptied 5 times. One hundred fil of the positive or negative reference 
serum diluted in O.OIM phosphate buffered saline at pH 7.4 containing 
0.2 per cent polyethylene sorbitan monolaurate (Tween 20, Sigma Chemical 
Co) (PBST - Appendix VIII ), was placed in the appropriate wells. The 
plates were incubated for 30 min at 37°C, and then washed 5 times with 
PBST.
One hundred 1^ of freshly prepared horse-radish peroxidase-conjugated
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rabbit anti-bovine IgG diluted in PBST was added to each well and the 
plates incubated at 37°C for 90 min. The plates were again washed five 
times in PBST and 100/il of freshly prepared OPD substrate (Appendix 
VIII), was added to each test well. The plates were kept at room 
temperature for 10 min, and 30/il of 2.5M sulphuric acid was added to 
each well to stop the enzymatic reaction.
The OD was measured at 490nm, using the ELISA reader and computer. The 
reader was blanked in air to allow measurement of the true absorbance 
value of each well. A positive result was indicated by the formation of 
a brown colour.
Improvement in this technique, to save time, was tried by reducing the 
number of washing steps and the introduction of a shaking step (AM 69 
Microshaker, Denleytech Ltd, England) to remove excess reagents.
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1.1. EVALDATION OF BSA TO IMPROVE SENSITIVITY AND SPECIFICITY OF THE 
TEST
To evaluate the need for blocking agents in the procedure a 3 per cent 
solution of BSA was used in one set of experiments.
The test was done by adding lOOpl of the solution to each well of the 
microtitre plates, immediately after washing the antigen from the plates 
and before adding the serum. They were then incubated for Ih at 37°C 
and washed again. The subsequent steps were as described for
standardization of the reagents.
In another set of experiments, the BSA incubation steps were eliminated 
and washing was done with PBS containing Tween-20.
1.2. EVALUATION OF WHOLE CELL H.bovis ANTIGEN AND SONICATED ANTIGEN
1.2.a) Evaluation of suitable H.bovis strain to carry out the ELISA test
Five strains of M,bovis were chosen at random from the Central 
Veterinary Laboratory culture collection, for coating ELISA microtitre 
plates in this project . The strain references and site of origin are 
given in Table 1.2.a.
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TABLE 1.2.a : Strains of H.bovis used to coat microtitre plates
1 STRAIN IDENTIFICATION SITE OF ORIGIN |
1 Strain 1 : M.bovis 5B252 Calf lung 1
1 2 : M.bovis 5B146 Calf lung 1
1 3 : M.bovis 5B232 Calf lung 1
I 4 : M.bovis 5B195 Calf lymph nodej
1 5 : M.bovis 5B193 Calf lung 1
1.2.a.l) Preparation of Whole Cell Antigen
The strains were cultured in E broth medium and then subcultured on to E 
agar plates. A single colony obtained from each culture was serially 
passaged to obtain the seed stock.
The seed stock was subcultured for sterility checks by means of
subculture in ordinary bacteria medium (blood agar).
The whole cell antigens were prepared for ELISA following the
recommendation of NICOLET et al. (1980). Briefly, each seed stock was 
cultured for 48h in 6ml E broth and the cells were precipitated by 
centrifugation of ll,600g for 20 min at 4°C. The precipitated cells 
were washed three times in sterile PBS at pH 7.2. The final pellet was 
resuspended in 6ml of 0.26M sodium chloride (NaCl) and placed in a 60°C
water bath for 30 min to inactivate any remaining live organisms. The
whole cell antigens were stored at 4°C until used.
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From the product of each harvested strain,the protein concentration was 
determined, by the method of BRADFORD (1976). The reagent used for 
protein estimation was the BCA Protein Assay (Pierce Chemical Company, 
Illinois, USA) using the Micro Protocol technique, and bovine serum 
albumin (BSA) was used as a standard. All protein estimations were made 
in duplicate.
The whole-cell antigens from the five M.bovis strains were used to coat 
microtitre plates and to carry out the indirect ELISA test using a 
reference positive serum and a standard dilution of conjugate. The 
ELISA protocol used was that described elsewhere as ELISA test for 
standardization of the reagents.
To choose the best strain of M.bovis, a monoclonal antibody and a 
special conjugate were employed. These were a mouse anti-bovine (Mab) 
and a goat anti-mouse HRP, in their working dilution. After that, all 
other tests were performed using a commercially available conjugate and 
pooled bovine sera positive for M.bovis.
1.2.b) Prepara^ 'of H.bavis antigen for ELISA
To carry out this experiment, the M.bovis strain used was the one that 
showed the most linear and reproducible results between the five M.bovis 
strains tested.
The M.bovis antigen was used directly (whole - cell antigen) or in
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sonicated form (after the plasma membrane was disrupted by sonication), 
prepared as follows:
1.2.b.l) Whole cell antigen
M.bovis strain 5B146 was cultured in E broth to produce the seed stock 
as described in Chapter X  .
Briefly, the organisms were grown in 1 litre volumes of E broth at 37°C 
in air, stirred constantly by magnetic stirrer. After 48-72 hours (at 
maximum opacity), the antigen was harvested by centrifugation 
(11,600g/20min at 4°C), and resuspension in three changes of sterile 
PBS, pH 7.2. The final pellet was resuspended in 10ml of 0.25M NaCl. 
The antigen was then inactivated by heating at 60°C for 30 min in a
water bath. The whole-cell antigen was stored at 4°C until used.
Sterility checks were performed by culturing broth culture and the final
antigen on blood agar plates.
1.2.b.2) Sonicated antigen
M.bovis strain 5B146 was cultured in E broth to produce the seed stock 
in the same way as described for the whole-cell antigen preparation, 
except that the final pellet was resuspended in 10ml of PBS. The 
organisms were then sonicated in ice (30 seconds on/30 seconds off) for 
5 to lOmin.
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To the sonicated cells was added 10^1 of phenylmethylsulphonyl fluoride 
solution (PMSF, in a solution of O.IM acetone - to act as a protease 
inhibitor) and 20fil of 10% sodium azide solution (NaN^  solution in PBS - 
to act as a preservative). The preparation was then centrifuged again 
at ll,600g for 15 min at 4°C. The final sediments were resuspended in 
10ml of O.OIM PBS and stored at 4°C until used.
Sterility checks on broth cultures and on the final antigen were 
performed by culturing on blood agar plates.
1.3. EVALUATION OF POLYSTYRENE AND POLYVINYL CHLORIDE MICROTITRE PLATES
In this project the indirect ELISA technique was used, and the 
microtitre plates were coated with protein from M.bovis cells (whole 
cell antigen and sonicated antigen).
One factor of crucial importance to the assay was the type of carrier 
plate to be used during the test. Three different makes of microtitre 
plates were used during the standardization of the reagents, to choose 
the appropriate one to be used during the serodiagnosis experiment.
The microtitre plates tested were 1) "LINBRO" (Linbro/Titertek, Flow 
Laboratories Inc), 2) "DYNATECH" (Dynatech Laboratories) and 3) "FALCON" 
(Falcon 3912 Microtest III. Flexible Assay Plate, Becton Dickinson). 
Plate types 1 and 2 are made of polystyrene, and plate 3 is a flexible 
plate made of polyvinyl chloride. All plates were 96-well flat-bottomed
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microtitre plates.
Identical tests were set up using positive and negative reference sera 
for M.bovis antibodies, using the ELISA protocol for standardization of 
the reagents. The use of whole cell antigen and sonicated antigen was 
tested in all three types of plates.
With the results obtained in this experiment, a single type of plate was 
chosen to carry out the proper ELISA test for serodiagnosis of infection 
by M.bovis.
1.4. EVALUATION OF COATING AND STORING MICROTITRE PLATES WITH ANTIGEN
This experiment was peformed using the microtitre plates that showed the 
best results on experiment 3, and the antigen chosen in Experiment 2, 
from this Chapter, using the ELISA protocol. The plates were coated in 
duplicate for each different method tested, using the antigen in its 
working dilution, as follows:
a) Plates were coated with antigen overnight (at 4^ C) , and washed once
in CBB. They were then dried by tapping against a paper towel, and
incubated for 4 hours at 37°C. They were then kept at 4°C.
b) Plates were coated with antigen overnight (at 4°C) , and washed once
in CBB. They were then dried by tapping against a paper towel, and
kept at 4°C (the incubation step at 37°C for 4 hours was omitted).
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c) Plates were coated with antigen overnight (at 4°C), and the
following morning they were dried by tapping against a paper towel, 
and incubated for 4 hours at 37°C. They were then kept at 4°C.
d) Plates were coated with antigen overnight (at 4°C), and the
following morning they were dried by tapping against a paper towel, 
and kept at 4°C (the incubation step at 37°C for 4 hours was
omitted).
e) Plates were coated with antigen overnight (at 4°C), and washed once
in CBB. They were then dried by tapping against a paper towel, and
incubated at 37°C for 24 hours. They were then kept at 4°C.
f) Plates were coated with antigen overnight (at 4°C), and the 
following morning they were dried by tapping against a paper towel 
and incubated at 37°C for 24 hours. They were then kept at 4°C.
g) Plates were coated with antigen and kept at 4°C.
The plates were stored at 4°C, sealed with transparent adhesive tape, 
for up to 7 months, when they were tested using the positive and 
negative control sera (described elsewhere), as well as 11 positive 
field sera and 11 negative field sera, previously tested by the ELISA. 
The results were expressed as OD, and compared with those obtaining by 
coating the plates with antigen overnight at 4°C and using for ELISA 
test the following morning.
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EXPEEMMENT 2 : COMPARISON BETWEEN ENZYME-LINKED IMMUNOSORBENT ASSAY,
DISC FILM INHIBITION AND COMPLEMENT FIXATION TESTS
To perform this experiment, bovine field serum samples were tested using 
the ELISA, CF and DFI tests. The result obtained were compared so as to 
determine the most specific and sensitive test for M.bovis antibody 
detection.
2.1. SOURCE OF SERA
The bovine field serum samples tested were sent to the Mycoplasma 
Section at CVL from January 1986 to July 1987 for serodiagnosis of 
Mycoplasma infections, having been collected from animals suspected of 
suffering from disease caused by Mycoplasmatales or from animals to be 
exported from or imported to the UK. The serum samples were kept 
at -20°C until used. Each serum was identified by a number, in order of 
arrival at CVL. After being tested, the serum samples were again stored 
frozen at -20°C.
2.2. INDIRECT ENZYME-LINKED IMMUNOSORBENT ASSAY
The results obtained from Experiments 1, 2 and 3 of this Chapter gave 
the basis for the formulation of the indirect ELISA Protocol, to be used 
during the research work for detection of antibodies against M.bovis.
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2.2.a) Indirect ELISÂ Protocol
One hundred fil of M.bovis strain 5B146 sonicated antigen diluted at 
1/550 in O.IM CBB pH 9.6, were added to every other row of a "Falcon" 
microtitre plate, which was incubated overnight at 4°C, covered with a 
plastic lid. The antigen-coated plates were washed three times in CBB 
the following morning and dried, between each washing step, by tapping 
the plates by hand against a paper towel. The wells were then refilled 
with lOOpl of each serum to be tested, diluted at 1/320 in O.OIM PBST 
(pH 7.4), in duplicate, for the proper test and the control (well 
without antigen). The plates were incubated at 37°C for 45min, and then 
washed three times in PBST (the same procedure as described previously). 
On hundred /zl of freshly prepared rabbit anti-bovine HRP conjugate 
diluted at 1/4000 in PBST were added to each well and the plate 
incubated at 37°C for 90min. The plates were again washed three times 
in PBST, and 100 fi\ of freshly prepared OPD substrate were added to each 
test well. The plates were kept at room temperature, in the dark, for 
10 min. Finally, the enzymatic reaction was stopped by adding 30 of 
2.5M HgSO^ to each well. The OD were measured at 490nm using an ELISA 
reader and computer. The results were compared with those obtained with 
CFT and DFIT.
2.2.b) Plate Lay-Out
A standard plate lay-out was used during the whole experiment, to allow 
a uniform reading of each plate, and the establishment of a computer 
program. It was designed as follows:
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1 2 3 4 5 6 7 8 9 10 11 12
+
H
Rows A, C, E and G : coated with antigen overnight at 4 C
Rows B, D, F and H : sera test control without antigen
Wells El and E2 : duplicates of POSITIVE serum plus antigen
FI and F2 : duplicates of POSITIVE serum without antigen
Wells G1 and G2 : duplicates of NEGATIVE serum plus antigen
HI and H2 ; duplicates of NEGATIVE serum without antigen
Using this lay-out it was possible to test 22 field sera per plate
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2.2.c) Controls
In ELISA tests for antibody detection, a reference sample consisting of 
a pool of serum from a group of animals with a high antibody titre 
should be used. This should be made into aliquots and preserved. For 
this reason, a set of bovine field sera positive for M.bovis in CFT 
(1/80 and 1/160 titres) and DFIT wa3 pooled and called the POSITIVE 
control serum. Each serum was tested by ELISA before mixing, and showed 
OD in a range from 1.200 to 1.600. The pooled serum was again tested by 
ELISA, and after several repetitions the mean absorbance value was 
estimated.
The same procedure had to be done to include a NEGATIVE control serum, 
in each plate. Bovine field sera negative for M.bovis in CFT and FIT 
were mixed together after being tested by ELISA.
Positive and negative control sera were kept in 0.05ml aliquots at 
-20°C until used. A background control was also used as a serum test 
control without antigen, in rows B, D, F and H, as described previously 
in the plate lay-out.
2.2.d) ELISA Program
The program was set up to read all plates according to the plate lay-out 
described previously. The ELISA reader was blanked in air, and the 
results were expressed as follows:
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Crude OD = absorbance values from rows A, C, E and G 
Control OD = absorbance values from rows B, D, F and H
Net OD = the absorbance value from each control well was subtracted 
from each crude well
The program then calculated the average net OD for each serum pair and 
adjusted the values to the previously established mean absorbance value 
for the POSITIVE control serum (OD - 1.400). Every net OD with a value 
higher or equal to 0.500 was underlined. If the two OD differed from 
the mean by more than 10 per cent, the result was marked for retest.
2.2.e) Within-Day and Day-to-Day Reproducibility of ELISA Results
It is well known that some variations of enzyme activity given by the 
same serum, in different experiments may be found. To accurately 
monitoring the reference serum to a selected end-point, a p r o g r a m m e was 
set up using a correction factor (fixed OD value of reference 
positive/mean OD of test reference positive). This approach gave 
greater assay reproducibility than reactions based on time alone, since 
it is far less dependent on rate variables (e.g. ambient temperature, 
substrate composition). The correction factor was multiplied by the 
net OD of each serum to derive the corrected OD value. This calculation 
was employed for inter-assay comparison by compensating for reagent, 
instrumental and environmental variations, allowing the establishment of 
a fixed reference positive OD value. To estimate the reproducibility of 
the ELISA results, a study was carried out using the positive and 
negative control sera. The within-day reproducibility was done by
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repeating the ELISA test using 6 microtitre plates with the control sera 
in duplicates, and by analysis of the crude OD, control OD and net OD. 
The day-to-day reproducibility was done by testing the control sera for 
OD values on 6 different days.
2.2.f) Colour Development of the Enzymatic Reaction
During the standardization procedures it was noted that after the 
addition of HgSO^, the enzymatic reaction did not stop completely. For 
this reason, a set of sera (including the controls) was tested, and the 
absorbance values were observed at 0, 5 and 15 min after the addition of 
H2SO4.
2.3. DISC FILM INHIBITION TEST
All bovine field serum samples tested with ELISA were tested using the
DFIT described by THORNS and BOUGHTON (1978). The field sera samples 
were used to impregnate sterile filter paper discs, and a M.bovis
reference strain (5B252) was used throughout the experiment. The DFIT
has been described previously in Chapter 1, Experiment 1. The results 
were compared with those obtained with ELISA and CFT.
2.4. COMPLEMENT FIXATION TEST
The CFT was carried in microtitre places (Nunc Microwell plates 96U,
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Denmark), following essentially the recommendations of THORNS and 
BOUGHTON (1978).
2.4.a) Source of Antigen
Reference strains of M.bovigenitalium (PGll), M.bovis (5B252), 
M. califomicum (3B50), M.canadense (NCTC 10152), M.dispar (NCTC 10125) 
and M.bovirhinis (9M1019) were grown in 1 litre volumes of E broth. The 
same procedure as described on Chapter 2, Experiment 2 was followed, but 
the resuspension of the cells was done using three changes of Complement 
Fixation Diluent (CF Diluent, Flow Laboratories, UK), and the final 
pellet was also resuspended in 20 to 30ml of CFT diluent. The antigens 
were then inactivated at 60°C for 30 min in a water bath, filtered and 
stored in 0.5ml amounts at -20°C.
2.4.b) Haemolytlc System
Sheep red blood cells (sheep RBC) were obtained by jugular puncture of 
adult sheep. The blood was conserved in Alsever’s solution until used 
(Appendix VII). The sheep RBC were centrifuged at 2,039g for 5 min (MSE 
Chilspin 2 centrifuge), and resuspended in CF diluent. They were
centrifuged for a further 5 min and the procedure repeated twice more. 
The sheep RBC in a 1.5 per cent concentration were sensitised with 0.25 
per cent sheep haemolysin (sheep haemolysin raised in rabbit * Sera - Lab 
UK) by incubation at 37°C for 30 min, shaking every 5 min (AM69 MICRO 
shaker, Denley-Tech Ltd).
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2.4.c) Source of Complement
A freeze dried complement (guinea pig complement in 20 per cent. 
Richardson’s preservative, Tissue Culture Service - Inter Med) was 
reconstituted in 2ml of sterile distilled water and used in a working 
dilution of 1/70.
2.4.d) Micro titre Mycoplasma Conqilement Fixation Test
Each Mycoplasma washed antigen prepared was standardized to the optimum 
concentration against a homologous high-titre serum. A 1/5 dilution of 
the appropriate positive control antiserum was made in CF diluent. In 
plastic agglutination tubes, the antigens were diluted in CF diluent 
starting at 1/10. Each antigen was then titrated in microtitre plates.
A 1/5 dilution of each field serum sample (as well as the positive 
control serum) was made using CF diluent in plastic agglutination tubes. 
The diluted sera were then inactivated at 60°C for 30 min in a water 
bath. In a microtitre plate, 5 serial dilutions of each test serum 
(including the control semm) were made in 0.05ml amounts. The antigens 
at its working dilutions (in CF diluent) were added in amounts of
0.05ml. Antigens were not added to the serum anticomplementary 
controls. An amount of 0.05ml of the complement (at its working
dilution) was added to all wells of the test including the
anticomplementary controls. The plates were sealed with tape and 
shaken, and the serum-complement-anti^ e."d mixture was incubated for 3 
hours at 37°C. After 3 hours total incubation time, 0.5ml of the
haemolytic system was added in 0.05ml to each well of the test. The
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plates were sealed, shaken again, and incubated for a further 30 min at 
37°C. The plates were centrifuged at l,305g (MSE GF-8, MSE Scientific 
Instruments) for 10 to 15 seconds. The results were recorded as - 
(negative), 1/10, 1/20, 1/40, 1/80 and 1/160 titres, and compared with 
those obtained with the ELISA and DFIT.
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RESULTS AND DISCUSSION
A total of 1,300 bovine field sere were tested in this experiment. The 
optimal conditions for the ELISA were determined and the specificity and 
sensitivity of the test for Mycoplasma bovis serodiagnosis was 
evaluated. The assay was compared with other serological tests (CFT and 
DFIT) for detection of mycoplasmal infection.
EXPERIMENT 1 : STANDARDIZATION OF THE ELISA TEST
The test was standardized following the results obtained by checkerboard 
titration for optimum concentration of antigen, serum and conjugate.
Whole-cell antigen of five M.bovis strains was used to coat microtitre
plates for ELISA. Results are shown in Table II.1.a and Il.l.b, where
the use of BSA as a blocking agent was also analysed. Strains 1, 2 and 
3 showed more consistent results and were retested separately for
sensitivity and reproducibility (Table II.l.c to Il.l.e). M.bovis 5B146 
(Strain 2) was chosen to prepare the whole cell and the sonicated
antigen.
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Determination of optimal antigen concentration - The effect of the 
amount of antigen used to coat microtitre plate) on the sensitivity of 
the ELISA was evaluated. Microtitre plates were coated with different 
concentrations of M.bovis whole-cell and sonicated antigen, and to each 
concentration, different dilutions of a positive reference serum 
(obtained from a cow naturally infected with M.bovis, with^CFT titre of 
1/40 and positive in DFIT) were added. The results were compared with a 
pooled field bovine serum negative for M.bovis in CFT and DFIT. The 
working dilution of antigen (whole cell and sonicated) was determined by 
testing doublliydilutions of positive and negative reference serum. The 
working dilution of whole cell antigen was found to be 1/350 and for 
sonicated antigen 1/550 when "Falcon" plates were used. When^dilution) 
of positive sera and negative sera were incubated in uncoated microtitre 
plates, a low absorbance value was detectai>?e probably due fco i)onspecific 
adsorption of immunoglobulins on the microtitre well surface. With 
these findings, a serum control was introduced in each test, and the OD 
values found in these wells were called control OD. For the proper 
test, the crude OD (obtained from wells coated with antigen) was 
subtracted from the control OD given the so-called net OD, which was 
determined in every duplicate of serum tested. Plates were coated with 
diluted antigen overnight at 4°C.
Determination of optimum serum concentration - After several repetitions 
using the optimum concentration of antigen (already described) for the 
M.bovis ELISA, the working dilution of serum was determined. Based on 
the results of these experiments, serum dilutions of 1/320 and 1/640 
(Tables Il.l.f and Il.l.g) were the dilutions of choice for diagnostic 
purposes. In an attempt to reduce the cost of the assay and to examine
183
more serum samples in each microtitre plate, a single serum dilution was 
chosen and it was 1/320. In this way, the absorbance value determined 
for the positive and negative reference sera could be interpreted 
quantitatively for comparison with field serum samples.
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optimal incubation time for serum - The determination of the length of 
the incubation period for serum was studied. Three incubation times:30, 
45 and 60 min of serum at 37°C, to allow the reaction between serum and 
antigen, were investigated. The absorbance values obtained after 30, 45 
and 60 min of incubation with serum were very similar and no significant 
change occurred in the results. Therefore, an incubation time of 45 min 
was selected for further use, in an attempt to allow a better 
differentiation between positive and negative serum (Figure II.1), while 
keeping the time taken to perform the test to a minimum.
Determination of optimal conjugate dilution - Conjugate dilution ranging 
from 1/200 to 1/6400 were added to doubling dilutions of positive and 
negative sera that had been reacted with different concentrations of 
antigen. Checkerboard titrations were done using the microtitre plates 
in study. For "Dynatech" plates the results are presented from Tables
Il.l.h to Il.l.j. The working dilution of conjugate when sonicated 
antigen was used was 1/4000 and for whole cell antigen it was 1/3500, 
using "Falcon" plates, in an incubation period of 90 min (results 
presented in Table II.1.3.1). It was observed that^ with high 
concentrations of conjugate, high titres of antibodies were detected,but 
the absorbance values of the control and for negative samples were also 
elevated. So, for sonicated antigen (the one chosen to carry out the 
experiment), a working strength of 1/4000 was the concentration that 
appeared to provide maximum resolution between an M,bovis positive and 
M.bovis negative serum.
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Fig.II.l
Choice of the best incubation tim e for field  
serum  to perform  the ELISA test
!
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I.1. EVALUATION OF BSA TO IMPROVE SENSITIVITY AND SPECIFICITY OF THE 
TEST
The usefulness of BSA as a blocking agent was investigated. The results 
obtained shown a; nonspecific increase in CD values, either in positive 
or in negative samples. The use of BSA did not improve the sensitivity 
of the ELISA test when whole cell antigen was used, not when sonicated 
antigen was used to coat microtitre plates (Table II.1.1.1). When BSA 
was used with different M»bovis strains and A,laidlccuii as a control, it 
did not improve the specificity or sensitivity of the test (Figure
II. 1.1.1). With the results obtained in this experiment, the use of a 
blocking agent was eliminated from the ELISA, which saved a considerable 
amount of time.
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1.2. EVALUATION OF WHOLE CELL H.bovis ANTIGEN AND SONICATED ANTIGEN
The ELISA results obtained when a whole-cell and a sonicated antigen 
were used to coat micro titre plates were compared. The whole-cell and 
sonicated antigen were prepared from a M.bovis strain which showed the 
most consistent results when tested by ELISA against four other M.bovis 
strains. Although none was clearly superior to the others, in producing 
maximum titres with the positive reference serum, non - specific 
absorbance tended to be less with the 5B146 strain . Both antigen 
preparations showed strong affinity for binding (or adsorbing) to the 
surface of wells of the microtitre plates using alkaline buffer (CBB), 
and proved to retain their immunologic activity after coating the 
surface of the wells.
From the results it was clear that the sonicated antigen was the most 
effective for coating microtitre plates, because it could be used at a 
higher dilution than whole-cell antigen, which means economy of 
material, a longer life for each antigen batch prepared and a purer 
antigen. With sonicated antigen the conjugate could be diluted further 
(Table II. 1.3.1), which also sffovis a more economical test. Sonicated 
antigen used in a concentration of 5.7yxg/ml resulted in a satisfactory 
binding of IgG antibodies to carry out the ELISA test, for M.bovis 
serodiagnosis.
The stock antigen was stored undiluted for more than 2 years at 4°C and 
the antigen did not noticeably deteriorate during this period. When 
ELISA-positive sera were tested with this antigen at the beginning and 
end of the project, the results were identical.
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1.3. EVALUATION OF POLYSTYRENE AND POLYVINYL CHLORIDE MICROTITRE PLATES
The plates were compared in respect of antigen and conjugate dilutions 
giving optimum differentiation between positive and negative control 
sera, and of handling facilities. An evaluation of the microtitre 
plates for visual reading was also done on the basis of the difference 
in colour produced between the controls (negative and positive) and test 
samples.
Reference sera positive and negative for M.bovis (in different 
dilutions) were titrated against several concentrations of whole-cell 
and sonicated antigen, using checkerboard design procedure. 
Checkerboard titrations were also carried out to find the working 
dilution for the conjugate. Whole-cell and sonicated antigen were 
tested at different dilutions using the three different microtitre 
plates at several dilutions of conjugate, and serum diluted at 1/320. 
The standard dilution of conjugate and antigen (whole cell and 
sonicated) was determined for each type of microtitre plates. Results 
are shown in Table II.1.3.1 and Figure II.1.3.1.
The polyvinyl chloride (PVC) plates gave better results than polystyrene 
plates for antigen and conjugate concentrations and for visual reading. 
The flexibility of the PVC plates gave some handling difficulties at the 
beginning of the experiment especially during the washing steps and the 
fitting of the plates in the ELISA reader tray. However, with practice 
the use of this type of plate was satisfactory.
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As a result of this study "Falcon" plates were used to perform all the 
sérodiagnostic ELISA tests.
In summary, the indirect ELISA was performed according to the protocol 
obtained by checkerboard titrations and standardization procedures. The 
antigen used to coat the plates was M.bovis 5B146 (sonicated cells) 
diluted 1/550 in CBB. "Falcon" plates were used to carry out the tests
using sera diluted to 1/320 in PBST. The plates were incubated with the 
sera for 45 min at 37°C, after which they were washed 3 times (for each 
washing step) . The use of a shaker did not prove to be necessary as it 
increased the time needed to complete the test and did not show any 
improvement in the results. Conjugate was diluted 1/4000 in PBST and
placed in lOOpT amounts in each well of a plate, which was incubated for 
90 min at 37°C. The use of a blocking agent did not improve the 
sensitivity and specificity of this ELISA.
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1.4. EVALUATION OF COATING AND STORING MICROTITRE PLATES WITH ANTIGEN
A total of 24 bovine field sera, including positive and negative 
controls, was tested in seven different combinations of methods of 
coating and storing microtitre plates. Plates were stored for 7 months 
at 4°C, and the indirect ELISA then performed as described previously, 
to evaluate for their stability.
The ELISA values obtained by the different methods of coating microtitre 
plates are shown in Tables II.1.4.1 and II.1.4.2. The only method that 
appears to be acceptable for storing antigen-coated microtitre plates is 
that used for overnight incubation (method G), and then storing the 
plates at 4°C, although some background effects were noted mainly in 
negative serum samples. The use of a positive and negative control 
serum in each plate to be stored should be a way to avoid false positive 
results due to nonspecific attachment to the solid phase. Using sucW 
controls, a ELISA program could be set up in which the OD values shown 
by the serum samples could be related with to OD of controls at the time 
of coating and on the day of the test.
So, the ability of plates coated at 4°C to be stored at this temperature 
for over a period of 7 months and to retain reproducible results was of 
a considerable potential value, as they can be exchanged between 
laboratories, as well as for the application of this test on a large 
scale to routine laboratory practice. The use of antigen- coated 
microtitre plates offers a simple method for serodiagnosis of M.bovis 
infection without excessive consumption of antigen.
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Table II. 1.4.1 : ELISA RESULTS FOR POSITIVE SERA TESTED ON MICROTITRE 
PLATES STORED IN DIFFERENT WAYS COATED WITH M.bovis 
ANTIGEN
I SAMPLE
1
1METHOD
1 A
METHOD
B
METHOD
C
METHOD
D
METHOD
E
METHOD
F
METHOD
G
OVERNIGHT( 
01%^ 1
1 7C508
1
10.609 0.369 0.361 0.549 0.177 0.430 1.307 1.311 (
1 7C509
1
10.240 0.327 0.349 0.454 0.188 0.355 1.111 1.192 1
1 7C220
1
10.401 0.761 0.731 1.077 0.372 0.740 1.204 1.575 (
1 VO 8
1
10.440 0.773 0.794 1.096 0.685 0.627 0.928 1.193 (
1 V58
1
10.628 0.819 0.545 0.821 0.302 0.436 1.304 1.086 (
1 7C276
1
(0.489 0.781 0.331 0.359 0.214 0.270 0.834 1.232 (
1 Positive 
1 Control
1
1
(0.230 0.402 0.426 0.608 0.218 0.341 1.143 1.511 (
1 6C1828
1
(0.232 0.386 0.358 0.477 0.149 0.338 1.047 1.553 (
1 M309
1
(0.396 0.426 0.442 0.422 0.299 0.470 1.224 0.899 (
1 M316
1
(0.526 0.316 0.532 0.582 0.318 0.573 ' 1.322 1.292 (
1 M311
1
(0.565 0.378 0.304 0.433 0.226 0.412 1.252 0.887 (
1 V30
1
(0.805
1 ,J
0.549 0.526 0.507 0.307 0.550 1.229 0.883 (
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Table II. 1.4.2 : ELISA RESULTS FOR NEGATIVE SERA TESTED ON MICROTITRE 
PLATES STORED IN DIFFERENT WAYS COATED WITH M.bovis 
ANTIGEN
I SAMPLE
1
(METHOD 
1 A 
1
METHOD
B
METHOD
C
METHOD
D
METHOD
E
METHOD
F
METHOD
G
OVERNIGHT( 
O-ntj 1
1 7C405
1
(0.169 0.138 0.074 0.075 0.046 0.199 0.113 0.182 1
1 7C259
1
(0.182 0.169 0.085 0.068 0.044 0.110 0.190 0.169 (
1 6C1938
1
(0.305 0.161 0.137 0.089 0.098 0.146 0.297 0.143 (
1 V56
1
(0.565 0.335 0.383 0.348 0.318 0.493 0.560 0.362 (
1 V120
1
(0.695 0.411 0.427 0.377 0.250 0.491 0.513 0.528 (
1 M283
1
(0.588
1
0.418 0.423 0.349 0.247 0.469 0.507 0.177 (
1 Negative 
1 Control
1
1
(0.156 0.053 0.125 0.079 0.048 0.253 0.339 0.223 (
1 6C1939
1
(0.229 0.092 0.125 0.056 0.049 0.122 0.325 0.174 (
1 M269 (0.592 0.471 0.414 0.431 0.201 0.609 0.603 0.406 (
1 M270
1
(0.538 0.368 0.369 0.356 0.211 0.434 0.618 0.357 (
1 M266
1
(0.351 0.294 0.231 0.261 0.131 0.214 0.475 0.619 (
1 V20
1
(0.813
1
0.205 0.350 0.292 0.242 0.278 0.622 0.408 (
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Reproducibility of the assay - Once the optimal conditions for the ELISA 
were established, the assay was performed using the same serum samples 
on different occasions.
A day-to-day and between-days reproducibility study was carried out with 
a set of samples and the results are shown in Tables II. 1.4.3 and 
II.1.4.4. The coefficient of variation and standard deviation presented 
for day-to-day and between-days results were very small which means that 
the OD values obtained were very similar and linear, showing an 
excellent reproducibility.
Another set of experiments was carried out to study the variation 
obtained in OD values after stopping the reaction with HgSO .^ The main 
objective was to find out whether or not the results were altered when a 
large number of samples had to be tested as it normally delays the time 
of reading. The OD values were obtained immediately after stopping the 
enzymatic reaction with HgSO^ (time 0) and after 5 and 15 min. The 
results are shown in Table II.1.4.5, and the standard deviation and 
coefficient of variation found in the three readings were very small and 
there was no significant difference between any result at time 0, 5 or 
15 min.
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EXPERIMENT 2: COMPARISON BETWEEN ENZYME-LINKED IMMUNOSORBENT ASSAY, DISC 
FIIM INHIBITION AND COMPLEMENT FIXATION TESTS
The evaluation of the indirect ELISA for the diagnosis of M.bovis 
infections in cattle was done by testing all 1,300 field serum samples 
using ELISA, GET and DEI tests. The specificity and sensitivity of the 
ELISA was evaluated and compared with that of the GET and DEIT in 
detecting antibodies to M.bovis in naturally infected cattle.
Eor all serum samples received, a record was made of the symptoms shown 
by the animal, where this information was available.
Since for each of the three tests the results obtained are expressed in 
a different way, it was necessary to rearrange the results for 
interpretation and comparison as follows :
ELISA - the results were given as OD. After several positive
and negative samples had been tested, the OD values
obtained were tabulated in three groups:
Positive ELISA - OD higher than 0.900 
Inconclusive ELISA - OD between 0.600 and 0.900 
Negative ELISA - OD lower than 0.600
GET - the results were given as titres and interpreted as
follows:
Positive GET - titres 1/80 and 1/160 
Inconclusive GET - titre 1/40 
Negative GET - titres 1/20 or less.
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DFIT - the results were expressed as positive or negative.
Positive DFIT - when inhibition of growth and film production was
observed around the disc.
Negative DFIT - when growth and production of film by H.bovis were
observed around the disc soaked with field serum
2.A) SENSITIVITY OF THE H.bovia INDIRECT ELISA
The DFIT, CFT and M.bovis indirect ELISA were compared using 1,300 
bovine serum samples obtained from the field (animals naturally exposed 
to M,bovis).
Initially, serum samples with CFT titre of 1/80 and 1/160 which gave 
positive DFIT results, were titrated using ELISA to confirm the previous 
results obtained with the positive reference serum, when a dilution of 
1/320 was the best one to be used. Tables II. 2.1 and II. 2.2 
illustrated the results found by ELISA for titration of bovine field 
serum samples with CFT titres of 1/160 and 1/80 respectively (which were 
also DFIT positives) compared with negative sera. In Figure II.2.1 
serum samples positive in DFIT and showing CFT titres of 1/40, 1/80 and 
1/160 were tested by ELISA and compared with a negative serum for 
ft.bovis in CFT and DFIT. The data indicate that M.bovis ELISA is very 
sensitive and the absorbance reading at 490nm for all positive sera were 
more than 2 times higher than the reading of the negative serum in a 
dilution of 1/320.
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In Figures II.2.2 and II.2.3 the ELISA results were compared with those 
obtained by CFT, using samples that gave positive result in DFIT. It is 
possible to see some false positive results obtained in CFT and DFIT.
The 1,300 bovine field sera were analysed in two groups: 1) serum
samples that gave a positive result in DFIT (Table II.2.3); and 2) serum 
samples that gave a negative result in DFIT (Table II.2.4). Those serum 
samples were tested by ELISA and CFT.
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Fig.II.2.1
ELISA results for bovine field sera positive in
DFIT with different CFT titres
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Fig.II.2.2
ELISA results for positive bovine field sera
(DFIT positive and CFT titre 1 /160)
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Fig.II.2.3
ELISA results for positive bovine field sera
(DFIT positive and CFT titre 1 /80)
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Table II.2.3 BOVINE SERUM SAMPLES TESTED BY ELISA FOR H.lxwis ANTIBODY
DETECTION WHICH SHOWED POSITIVE DFIT RESULT
1
1
1 Optical Density
1
1
CFT Titre
Total 1
K 1 1/10 1/20 1 1/40 1 
1 1
1/80 1/160
1
1 0.001 0.100 1 5 1 0 1
1 1 
1 0 I 0 0 6 1
1 0.101 - 0.200 ;i7 1 2 1 1 0 1 0 0 20 I
1 0.201 - 0.300 |16 1 1 0 1 1 1 0 0 18 1
1 0.301 - 0.400 1 7 1 2 1 1 0 1 1 0 11 1
1 0.401 - 0.500 1 4 1 0 0 ! 2 1 1 1 8 1
1 0.501 
1
- 0.600 1 4 1 0 1 1 1 1 
1 1-
1 0 7 1
1
1 0.601 0.700 1 2 1 1 1
1 1 
I 0 1 0 2 6 1
1 0.701 - 0.800 1 3 1 1 1 I 1 1 0 1 7 1
1 0.801 
1
- 0.900 1 1 1 0 0 1 1 1 
1 1
2 1 5 1
1
1 0.901 1.000 1 2 1 1 1
1 1 
1 2 1 1 0 7 1
1 1.001 - 1.100 1 7 1 0 1 1 4 1 2 2 16 1
1 1.101 - 1.200 1 2 1 1 0 1 4 1 5 3 15 1
j 1.201 - 1.300 I 5 1 1 0 1 1 1 3 2 12 I
1 1.301 - 1.400 1 1 1 0 2 1 2 1 2 2 9 1
1 1.401 - 1.500 1 3 1 0 0 1 1 1 2 0 6 1
1 1.501 - 1.600 1 - 1 0 1 1 3 1 3 0 7 1
I 1.601 - 1.700 1 5 1 0 0 I 1 1 1 2 9 I
1 1.701 - 1.800 1 3 1 0 0 1 0 1 0 0 3 1
1 1.801 
1
- 1.900 1 - 1 0 0 I 0 1 
1 1
0 0 0 1
1
1 TOTAL |87 1 10 11
1 1 
I 24 1 24 16 172 1
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Table II.2.4 : BOVINE SERUM SAMPLES TESTED BY ELISA FOR K.ixwis ANTIBODY
DETECTION WHICH SHOWED NEGATIVE DFIT RESULT
I Optical Density
1
11___
CFT Titre
Total 1
|4l0| 
1 1
1/10 1/20 1 1/40 1
1 1
1/80 1/160
1 0.001 0.100 |150| 12 4
1 1 
1 7 1 1 3 177 1
1 0.101 - 0.200 |313| 35 47 1 32 1 20 15 462 1
I 0.201 - 0.300 11211 34 28 1 33 1 18 8 242 1
1 0.301 - 0.400 1 50| 7 9 1 16 1 7 2 91 1
1 0.401 - 0.500 1 101 0 2 1 9 1 2 5 28 1
1 0.501 - 0.600 1 111 
1 1
1 1 1 4 1 
1 1
3 2 22 1
1 0.601 0.700
1 1 
1 101 1 3
1 1 
1 1 1 2 0 17 1
1 0.701 - 0.800 I 4| 3 0 1 2 1 0 5 14 1
1 0.801 - 0.900 1 4| 
1 1
0 0 1 3 1 
1 1
0 3 10 1
1 0.901 1.000
1 1 
1 0| 0 1
1 1 
1 1 1 0 0 2 1
I 1.001 - 1.100 1 3| 0 0 1 3 1 0 0 6 1
1 1.101 - 1.200 1 4| 3 2 1 2 1 1 1 13 1
1 1.201 - 1.300 1 1| 0 3 1 3 1 0 3 10 1
1 1.301 - 1.400 1 5| 1 3 1 4 1 2 3 18 1
1 1.401 - 1.500 1 2| 0 1 1 3 1 3 3 12 1
1 1.501 - 1.600 1 Oj 0 1 1 0 1 0 0 1 1
1 1.601 - 1.700 1 2| 0 0 1 1 1 0 0 3 1
1 1.701 - 1.800 1 Oj 0 0 1 0 1 0 0 0 1
1 1.801 - 1.900 1 0| 
1 1
0 0 1 0 1 
1 1
0 0 0 1
1 TOTAL
1 1 
|690|
1 1
97 105 1 124 1
J .  _  1
59 53 1128 I
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Comparison of the positive DFIT group:
1) With ELISA
A total of 172 serum samples gave positive result in DFIT. From those, 
48.8 per cent were positive ELISA; 10.5 per cent were inconclusive 
ELISA; and 40.7 per cent were negative ELISA. Considering CD values 
between 0.600 and 0.900 as positive, the percentage of positive ELISA 
results was 59.3.
2) With CFT
The CFT results are expressed as titres, and were obtained as follows: 
negative CFT - 50.5 per cent; 1/10 - 5.8 per cent; 1/20 - 6.4 per cent; 
1/40 - 14.0 per cent; 1/80 - 14.0 per cent; and 1/160 - 9.3 per cent. 
Considering positive CF titres as 1/80 and 1/160, the percentage of 
positive CF results were 23.3. If titres of 1/40 were also considered 
as positive, the total of CF positive results were 37.3 per cent.
Comparison of the negative DFIT groiq>:
1) With ELISA
A total of 1128 serum samples gave negative result in DFIT. The results 
obtained using ELISA were: 90.6 per cent of negative ELISA; 3.6 per cent 
of inconclusive ELISA; and 5.8 per cent of positive ELISA. Considering 
OD values between 0.600 and 0.900 as negative, the percentage of 
negative ELISA result was 94.2 per cent.
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2) With CFT
For CFT the results obtained were: negative CFT - 61.2 per cent; 1/10 -
8.6 per cent; 1/20 - .9.3 per cent; 1/40 - 11.0 per cent; 1/80 - 5.2 per 
cent; and 1/160 =- 4.7 per cent. Considering negative CFT as 1/20 and 
lower, the percentage of negative results were 79.1; if 1/40 was also 
considered as a negative result, the final percentage of negative was 
90.1.
When ELISA OD >0.900 was considered as positive, the ELISA gave less
sensitive but more specific results than when ELISA OD >0.600 was
considered as positve, the chi-squared test with values of p>0.05 and
p>0.01 respectively; the coefficients of association and colligation 
between tests being higher with OD >0.900 (as positive).
When CF titre of 1/40 was considered as positive the DFIT gave less 
sensitive but slightly more specific results than when CF titre of 1/40 
was considered as negative, with smaller coefficients of association and 
colligation between tests ; the chi-squared test values of p<0.001
and p>0.05 respectively.
Analysing the data obtained in this comparison, it seems that DFIT
positive and negative results correlates better with ELISA than with CFT 
results.
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Comparison of ELISA and CFT using the positive DFIT sera
The results were presented in Tables II. 2.5 and II. 2.6, and were
analysed as ELISA negative, inconclusive and positive, as follows:
ELISA negative : negative CFT - 75.7 per cent; 1/10 - 7.2 per cent; 
1/20 = 5.7 per cent; 1/40 - 5.7 per cent; 1/80 - 4.3 per cent;
1/160 = 1.4 per cent. Considering as CF negative results titres of 1/20 
and lower, the percentage of negative CF results wa5 88.6. If 1/40 CF 
titre was included as negative, the percentage was 94.3.
ELISA inconclusive: negative CFT - 33.4 per cent; 1/10 - 11.1 per cent; 
1/20 - 11.1 per cent; 1/40 - 11.1 per cent; 1/80 - 11.1 per cent; 1/160 
= 22.2 per cent.
Elisa positive: negative CFT - 33.3 per cent; 1/10 - 3.6 per cent; 1/20 
-6.0 per cent; 1/40 - 21.4 per cent; 1/80 - 22.6 per cent; 1/160 - 13.1 
per cent. Considering CF titres of 1/80 and 1/160 as positive, the 
percentage of positive CFT results was 35.7. If a titre of 1/40 was 
also considered as positive, 57.1 per cent of the samples were positive 
in CFT.
If the ELISA-inconclusive group was regarded as positive, the results 
obtained for CFT were: negative CFT - 33.3 per cent; 1/10 - 4.9 per 
cent; 1/20 - 6.9 per cent; 1/40 - 19.6 per cent; 1/80 - 20.6 per cent;
1/160 - 14.7 per cent. When a positive CF result was taken as 1/80 and
1/160 titres, the percentage of positive was 35.3; including 1/40 as 
positive, the positive CFT results represented 54.9 per cent of the
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samples.
Considering CF titre of 1/40 as positive and ELISA OD >0.900 also as 
positive, the ELISA gave less sensitive but more specific results than 
when ELISA OD >0.600 was considered as positive, with smaller
coefficients of association and colligation between tests; the chi-
squared test with values of p>0.01 and p<0.001 respecitvely.
Considering^CF titre of 1/40 as negative and ELISA OD >0.900 as 
positive, the ELISA gave less sensitive but more specific results than 
when ELISA OD >0.600 was considered as positive, with smaller
coefficients of association and colligation between tests; the chi-
squared test with values of p<0.001 in both situations.
In summary, from the 172 bovine serum samples that showed positive DFIT 
results for tl,bovis^  59.3 per cent were positive in ELISA and 37.3 per 
cent positive in CFT, considering ELISA positive results as OD higher 
than 0.600 and CFT positive results with titres of 1/40 and higher. 
Using thdse. parameters, 54.9 per cent of positive CFT results were 
correlated with positive ELISA results. With these set of data ELISA 
was the most sensitive test for 11,bovis antibodies detection.
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Table II.2.5 : COMPARISON BETWEEN ELISA, CFT AND DFLT IN BOVINE SERUM
SAMPLES WITH POSITIVE CFT AND DFLT RESULTS
1 1 
1 1 
1 optical Density] 
I (O.D.) 1 
1 1
CFT Titre
1
1 Total
1/40 1 1/80 I 
1 1
1/160 1 1/80+1/160 
1
1/40, 1/80, 1/160 1
1 1 
1 0.001 - 0.600 1 4
1 1 
1 3 1 1 1 4 8 1
1 0.601 - 0.900 1 2 1 2 1 4 1 6 8 1
1 0.901 - 1.900 1 
1 !
18 1 19 1 
1 1
11 r 30 
1
48 1
1 1 
1 TOTAL 1 
1 1
24
1 1 
1 24 1
l_ _L
16
1
1 40 
1
64 1
Considering CFT 1/40 as positive
Table II.2.6 COMPARISON BETWEEN ELISA, CFT AND DFIT IN BOVINE SERUM 
SAMPLES WITH NEGATIVE CFT AND POSITIVE DFIT RESULTS
jOptical Density 
1 (O.D.)
CFT Titre Total 1
610 1/10 1/20]
1
1/40 410,1/10, 1/20|4lo, 1/10, 1/20, 1/40]
1 0.001 - 0.600 53 5
1
4 1 4 62
1 1 
1 66 1
1 0.601 - 0.900 6 2 2 1 2 10 1 12 1
1 0.901 - 1.900 28 3 5 1 
1
18 36 1 54 1 
1 1
1 TOTAL 87 10
1
11 1 
1
24 108 1 132 1 
1 1
Considering CFT 1/40 as negative
222
Comparison of ELISA and CFT using the negative DFIT sera
The results are shown in Tables II. 2.7 and II. 2.8, and were again 
analysed as ELISA negative, inconclusive and positive, as follows:
ELISA negative: negative CFT - 64.1 per cent; 1/10 - 8.7 per cent; 1/20 
= 8.9 per cent; 1/40 - 9.9 per cent; 1/80 - 5.0 per cent; and 1/160 =
3.4 per cent. Considering as CF negative titres of 1/20 and lower, 81.7 
per cent of the CF results were negative. This percentage increased to
91.6 if 1/40 titre was also considered as negative.
ELISA inconclusive: negative CFT - 43.9 per cent; 1/10 - 9.7 per cent; 
1/20 - 7.3 per cent; 1/40 - 14.7 per cent; 1/80 - 4.9 per cent; and 
1/160 - 19.5 per cent.
ELISA positive: negative CFT - 26.2 per cent; 1/10 - 6.1 per cent; 1/20 
= 16.9 per cent; 1/40 - 26.2 per cent; 1/80 - 9.2 per cent; and 1/160 -
15.4 per cent. Considering CF titres of 1/80 and 1/160 as positive, a 
percentage of 24.6 samples gave positive CF results. If a titre of 1/40 
was also considered as positive, 50.8 per cent of samples were CF 
positive.
If the ELISA inconclusive group was regarded as negative, the results 
obtained in comparison with CFT were : negative CFT - 63.3 per cent; 1/10 
- 8.8 per cent; 1/20 - 8.8 per cent; 1/40 - 10.1 per cent; 1/80 - 5.0 
per cent; and 1/160 - 4.0 per cent. If a negative CF result was taken 
as titres of 1/20 and less, the percentage of negative CF results was 
80.9. Considering 1/40 as also negative, 91.0 per cent of samples gave 
a negative result.
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Table II.2.7 : COMPARISON BETWEEN ELISA, CFT AND DFIT IN BOVINE SERUM
SAMPLES WITH NEGATIVE CFT AND DFIT RESULTS
Optical Density
CFT Titre
(0 D.) |6|o 1/10 1/20 1/40 410,1/10, 1/201410^  1/10, 1/20, 1/40 
1
0.001 - 0.600
1
|655 89 91 101 835 1 936
0.601 - 0.900 1 18 4 3 6 25 1 31
0.901 - 1.900 1 17 
1
4 11 17 32 1 49 
1
TOTAL |690
1
97 105 124 892 1 1016 
1
Total
Considering CFT 1/40 as negative
Table II.2.8 : COMPARISON BETWEEN ELISA, CFT AND DFIT IN BOVINE SERUM 
SAMPLES WITH POSITIVE CFT AND NEGATIVE DFIT RESULTS
Optical Density
CFT Titre
(O.D ) 1/40 1/80 1 1/160 1/80+1/160 1/40, 1/80, 1/160
0.001 - 0.600 101 51 1 35 86 187
0.601 - 0.900 6 2 1 8 10 16
0.901 - 1.900 17 6 1 10 16 33
TOTAL 124 59 1 53 112 236
Total
Considering CFT 1/40 as positive
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Considering CF titres of 1/40 as positive and ELISA OD >0.900 also as 
positive, the ELISA gave less sensitive but more specific results than 
when ELISA OD >0.600 was considered as positive, with higher 
coefficients of association and colligation between tests; the chi-
squared test values of p<0.001 in both situations.
Considering CF titre of 1/40 as negative and ELISA OD >0.900 as
positive, the ELISA gave less sensitive but more specific results than 
when ELISA OD >0.600 was considered as positive, with smaller
coefficients of association and colligation between tests; the chi-
squared test with values of p<0.001, and p>0.05 respectively.
In summary, from 1128 bovine serum samples with a negative DFIT result 
for n,bovis, 94.2 per cent were negative in ELISA and 90.1 per cent 
negative in CFT, when ELISA OD values between 0.600 and 0.900 were 
considered negative and 1/40 CF titre and lower were also considered as 
negative. In this way, 91.0 per cent of negative results in CFT were 
correlated with negative ELISA results. In this set of data again ELISA 
was the most sensitive test for M,bovis antibodies detection, as in 49.2 
per cent of ELISA positive results, the CFT shown titres ranging from 
negative to 1/20, and 5.8 per cent of samples that gave positive result 
in ELISA were negative in DFIT.
Comparison of ELISA and CFT results (independently of DFIT results)
Grouping the data obtained according to CFT results, the following 
observations were made:
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Considering CF titre of 1/40 as positive and ELISA OD >0.900 also as 
positive, the ELISA gave less sensitive but more specific results than 
when ELISA OD >0.600 was considered as positive, with higher 
coefficients of association and colligation between tests; the chi- 
squared tests values of p <0.001 in both situations.
Consie^ ring^ CF titre of 1/40 as negative and ELISA OD >0.900 as positive, 
the ELISA gave less sensitive but more specific results than when ELISA 
OD >0.600 was considered as positive, with smaller coefficients of 
association and colligation between tests; the chi-squared test 
values of p >0.05 and p >0.001 respectively.
General coi^ )arlson between ELISA, CFT and DFIT results
The results classified as "inconclusive" in ELISA and CFT were studied 
in comparison with DFIT. From Figures II.2.4 to II.2.6, bovine serum 
samples that gave positive results for DFIT were compared with ELISA and 
CFT. ELISA results were classified as positive, inconclusive and 
negative (Figure II.2.4) and the inconclusive group was interpreted: 
1) as positive with OD >0.600 (Figure II.2.5); and 2) positive with OD 
>0.900 (Figure II.2.6). The same procedure was taken to study bovine 
serum samples that gave negative results for DFIT, comparing it with 
ELISA and CFT. From Figure II.2.7 to II.2.9 the resuls were illustrated 
using the same classification as ELISA positive, inconclusive and 
negative (Figure II.2.7) and taken the OD values >0.600 as positive in 
one comparison (Figure II.2.8) and OD >0.900 as positive in another
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(Figure II.2.9). The allocation of the inconclusive results to one 
group or in the other (i.e. positive or negative) was done in an attempt 
to define if animals showing s»ucVv results^belonged to the positive or 
negative groups in relation to the presence of antibodies against 
K,bovis, or, if no definitive conclusion could be taken, the results 
should remain as inconclusive.
An extension of this study was carried out, comparing all results 
obtained using ELISA, CFT and DFIT. In every comparison, ELISA was 
regarded as the screening test and DFIT and CFT as the reference or 
standard test. Several parameters were taken in consideration, 
including the sensitivity and specificity of the ELISA test compared 
with the other serological tests under study, as well as the predictive 
value of positive and negative results when ELISA was employed. The 
coefficient of association and coefficient of colligation were also 
calculated (as well as its errors) in an attempts to find which test 
better correlated with the ELISA results. As some external influences 
can make the statistical results non-representative, the test bias was 
calculated for every study in particular. The chi-squared test was also 
employed to study the correlation between the positive and negative 
results obtained in each test. These results were presented from 
Appendices IX.a to IX.h.
Comparing the results obtained from all 1300 sera samples tested and 
considering the inconclusive group in ELISA and CFT, the following data 
were obtained (Tables II.2.9 to II.2.11)
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Table II.2.9 : RESULTS OBTAINED FROM SERA POSITIVE IN DFIT
1 TEST 1 POSITIVE
1
1 INCONCLUSIVE 
1
1 1 
1 NEGATIVE 1 
1 1
TOTAL I
1 ELISA 1 84
1
I 18 
1
1 1 
1 70 1 172 1
1 CFT 1 40 1 24 
1
1 1 
I 108 1 
1 1
172 1
1 TOTAL 1 124
1
1 42 
1
1 1 
1 178 1 344 1
with qui-squared - 24.6 (p <0.001)
2.10 : RESULTS OBTAINED FROM SERA NEGATIVE IN DFIT
I TEST POSITIVE
1
; INCONCLUSIVE
1 1 
1 NEGATIVE 1 
1 1
1
TOTAL 1 
1
1 ELISA 65
1
1 41 
1
1 1 
1 1022 1 
1 1
1128 1
1 CFT 112 1 124 
1
1 1 
1 892 1 
1 1
1
1128 1 
1
1 TOTAL 117 1 165 
1
1 1 
1 1914 1 
1 1
1
2256 1 
1
with qui-squared - 63.06 (p <0.001)
2.11 : RESULTS OBTAINED FROM 1300 SERA SAMPLES TESTED
1 TEST POSITIVE 1 INCONCLUSIVE 
1
1 1 
1 NEGATIVE 1 
1 1
TOTAL I
1 ELISA 149 1 59
1 1 
1 1092 1 
1 1
1300 1
1 CFT 152 1 148 
1
1 1 
1 1000 1 
1 _1
1300 1
1 TOTAL 201
1
1 207 
1
1 1 
1 2092 1 
1 1
2600 1
with qui-squared - 42.33 (p <0.001)
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In a general comparison, ELISA showed the highest specificity (96 per 
cent) for detection of antibody against M,bovis when ELISA OD >0.900 was 
considered as positive testing sera negative in DFIT, considering CF 
titres of 1/40 as positive. The second highest specificity of ELISA (95 
pev cent) was obtained again with ELISA OD >0.900 considered as positive, 
testing sera negative in DFIT, considering CF titres of 1/40 as 
negative. For sensitivity evaluation, the highest sensitivity of ELISA 
(90 per cent) was obtained considering ELISA >0.600 as positive testing 
sera positive in DFIT,‘^'considering CF titres of 1/40 as negative; the 
second highest sensitivity of ELISA (87 per cent) was obtained with 
ELISA OD >0.600 considered as positive testing sera positive in DFIT and 
CF titres of 1/40 as positive.
The smallest test bias (0.28 per cent) was observed when ELISA OD >0.900 
was considered as positive testing sera negative in DFIT considering CF 
titres of 1/40 as positive. As expected,the highest predictive value 
for positive samples (57 per cent) was obtained with ELISA OD >0.900 as 
positive, testing DFIT positive sera considering CF titre of 1/40 as 
positive, while the highest predictive value for negative samples (94 
per cent) was obtained when ELISA OD >0.600 was considered as positive m  
testing sera positive in DFIT considering CF titre of 1/40 as negative, 
the same value found with ELISA OD >0.600 as positive compared with 
DFIT independently of CFT results.
2
The smallest chi-squared value (X - 0.038; p >0.05) was obtained when
ELISA OD >0.900 was considered as positive'testing sera with CF titres
of 1/40 considered as negative, independently of the DFIT result. The
2
second smallest chi-squared value (X — 0.18; p >0.05) was obtained when
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ELISA OD >0.600 was considered as positive testing sera negative in DFIT, 
considering CF titre of 1/40 as negative.
The tests that gave the best results both for sensitivity (59 per cent) 
and specificity (91 per cent) was ELISA,OD >0.600 considered as positive, 
compared with DFIT results. Compared with CFT, the best sensitivity 
(41 per cent) and specificity (87 per cent) were obtained considering 
ELISA OD >0.600 as positive and CF titre of 1/40 as negative. When CF 
and DFI results were compared (independently of ELISA results) the best 
sensitivity (26 per cent) and specificity (88 per cent) were obtained 
when CF titres of 1/40 were considered as negative.
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Comparison between ELISA and CFT on serum
samples with. DFIT positive results
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Fig.II.2.5
Comparison between ELISA and CFT on serum
samples with DFIT positive results
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Fig.II.2.6
Comparison between ELISA and CFT on serum
samples with DFIT positive results
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Fig.II.2.7
Comparison between ELISA and CFT on serum
samples with DFIT negative results
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Fig.II.2.8
Comparison between EUSÂ and CFT on serum
samples with DFIT negative results
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Fig.II.2.9
Comparison between ELISA and CFT on serum
samples with DFIT negative results
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The correlation between ELISA, DFIT and CFT results were studied in 
serum samples from animals belonging to a farm with recent history of 
mastitis. The presence of circulating antibodies to M.bovis was checked 
by those serological tests. Results are shown in Table II.2.12. The 
search of M.bovis antibodies was carried out in 11 bovine field serum, 
and all presented positive results. Only 5 animals showed CF titres (3 
with 1/40 and 2 with 1/10). A total of 8 animals gave positive ELISA 
results with OD values varying from 1.008 to 1.640. The 3 animals that 
showed negative ELISA results had CF titre of 1/10 (2 animals) and 
negative CF titre. These results showed 3 cases of false positive DFIT 
results, and 5 cases of false negative CFT results (excluding those were 
titres of 1/10 were detected). The ELISA results proved that the 
outbreak of mastitis occurring in this farm was caused by H.bovis.
Table 11.2.12 : BOVINE SERUM SAMPLES COLLECTED FROM A FARM WITH AN 
OUTBREAK OF MASTITIS, TESTED FOR M.bovis
1 Sample No. 1 CFT DFIT ELISA 1
1 6C 33 + 1.282 1
1 34 1 1/40 + 1.503 1
1 35 1 + 1.640 1
1 36 1 + 1.617 1
1 37 1 - + 0.339 1
1 38 1 + 1.284 1
I 39 1 1/10 + 0.344 1
1 40 1 1/40 + 1.266 1
1 41 1 + 1.008 1
1 42 1 1/10 + 0.372 1
1 43 1 1/40 + 1.184 1
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In another study, bovine serum samples were collected from a farm with 
animals suffering from pneumonia. A total of 8 animals (age of 10
months old) were samples and no one showed positive results for H.hovis
in ELISA or DFIT. Only 2 animals showed CF titres of 1/20 and other 2
of 1/40. From this farm Haemophilus sommis was isolated (Table 
II.2.13).
From another farm with animals aged 3 months old, 23 serum samples were 
collected to be tested for antibodies to M.bovis (Table II.2.14). From 
those, 13 showed ELISA positive results with OD values higher than
1.000, 2 showed OD values of 0.813 and 0.888, and 1 showed OD value of 
0.698. Only 3 of the 13 positive ELISA group gave positive DFIT result 
and 9 gave CF titres of 1/80 or 1/160. The serum that showed OD value 
of 0.813 gave^negative result in DFIT and 1/160 titre in CFT. The one 
that showed OD value of 0.888 gave Negative result in DFIT and CFT. The 
animal that showed OD of 0.698 gave ^positive result in DFIT and 1/160 
titre in CFT. In this particular study, the ELISA results were better 
correlated with CFT. So, 69.6 per cent of the animals gave positive 
results for M.bovis ELISA, which means that M.bovis was present in this 
farm.
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Table II.2.13 : BOVINE SERUM SAMPLES COLLECTED IN A FARM FROM ANIMALS OF 
10 MONTHS OF AGE SHOWING PNEUMONIA, TESTED FOR H.bovis
I Sample No.
1
1 CFT 
1
DFIT ELISA 1
1 7C 224 1 1/20 
1
- 0.151 1
1 225
1
- 0.302 1
1 226 1 1/40
1
- 0.079 1
1 227 1 1/20 
1
- 0.249 1
1 228 1 1/40 
1
- 0.149 1
1 229
1
1
- 0.151 1
1 230
1
- 0.140 1
1 231
1
1
- 0.390 1
Haemophilus somnus was isolated from this farm
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Table II.2.14 : BOVINE SERUM SAMPLES COLLECTED IN A FARM FROM ANIMALS OF 
3 MONTHS OF AGE SHOWING PYREXIA, PNEUMONIA AND DEATH, 
TESTED FOR H.bovis
j Sample No.
1
1 CFT
1
I
DFIT ELISA 1 
OD 1
1 7C 200
1
1 1/80 
1
- 1.346 1
1 201 1 1/160 
1
- 1.389 1
1 202 1 1/20 
1
- 1.146 1
1 203 1 1/80 
1
- 0.542 1
1 204 1 1/20 
1
- 0.239 1
1 205
1
1
- 0.279 1
1 206 1 1/160 
1
- 1.440 1
1 208 1 1/160 
1
+ 1.158 1
1 209 1 1/160 
1
- 0.259 1
1 210 1 1/20 
1
+ 0.502 1
1 211 1 1/20 
1
- 1.381 1
1 212 1 1/20 
1
- 1.498 1
1 213 1 1/160 - 1.442 1
1 214
1
- 0.398 1
1 215
1
- 0.888 1
1 216
1
1 1/160 
1
- 1.158 1
1 217 1 1/80 
1
- 0.195 1
1 218 1 1/40 
1
- 1.295 1
1 219 1 1/160 
1
+ 1.008 1
1 220 1 1/80 
1
+ 1.575 1
I 221 1 1/160 
1
- 0.813 1
1 222 1 1/160 
1
+ 0.698 1
1 223 1 1/160 
1
- 1.300 j
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2.B) SPECIFICITY OF THE H.bovis INDIRECT ELISA
The specificity of the M.bovis ELISA was determined by checking for 
cross-reactivity with sera from cattle naturally infected with other 
Mycoplasma species and with a set of 92 bovine field sera positive for 
M.californicum or M.bovis.
The first study was carried out using the ELISA test with bovine serum 
samples negative for M.bovis in DFIT, but showing CFT titres fori 
Mycoplasma spp. The sera were tested for CF antibodies against M.bovis» 
M.bovirhiniSy M.dispar, M.bovigenitalium, M.californicum and
M.canadense. The results are presented in Table II.2.15. A total of 27 
serum samples were tested, and only 4 showed OD higher than 0.600 when 
tested for M.bovis antibodies detection. From those: 1) gave^CF titre 
1/10 for M.bovis and 1/10 for M.bovigenitalium and OD - 0.713; 2) gave 
CF titre 1/40 for M.bovis and 1/10 for M.bovirhinis and OD - 1.089; 3) 
gave CF titre 1/80 for M.bovis and 1/10 for M. califOTmicum, and OD = 
0.650; and 4) gave CF titre 1/160 for M.bovis and 1/20 for M.dispar and 
OD - 1.209. These results showed that there wa5 no cross-reactivity 
between CF titres between different Mycoplasma species, and in all cases 
where ELISA results gave OD values higher than 0.600, a CF titre varying 
from 1/10 to 1/160 were detected, although the serum samples gave 
negative DFIT results. Serum sample number 7C 587 was a typical false 
negative result on DFIT, as it gave CF titre of 1/160 and ELISA OD as 
1.209.
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Table II.2.15 ELISA RESULTS FOR H.boots IN BOVINE SERUM SAMPLES WITH 
CFT TITEIES FOR MYCOPLASMA OTHER THAN H.lxmis
1 Sample M.bo. M.bh. 1 M.di. 1 M.bg.
1
1 M.ca.
1
1
1 M.cd. ELISA 1
|6C 825 nt 1 nt 1 1/10
1 1
0.1661
1 830 - nt 1 nt I 1/10 0.1511
1 1393 - nt 1 nt 1 1/80 1 nt 
1
0.2911
|7C 105 - - I nt 1 1/40
1 1
0.2881
1 106 - - 1 nt I 1/20 0.3331
1 526 - nt 1 nt 1 1/10 1 nt 
1
1 nt 0.1871
|6C 815 1/10 nt 1 nt 1 1/10
1 1
0.7131
1 1126 1/10 nt 1 nt I - 1 1/10 0.2361
1 1425 1/10 - 1 1/40 1 nt I nt 1 nt 0.3031
|7C 179 1/10 - 1 1/10 1 -
1
1 nt 
1
1 1/40 
1
0.1681
|6C 836 1/20 nt 1 nt 1 1/10
1 1
0.221)
1 941 1/20 nt 1 nt I - 1 1/10 0.167)
1 1129 1/20 nt 1 nt 1 - 1 1/10 0.178)
1 1132 1/20 nt 1 nt 1 - 1 1/20 0.272)
I 814 1/40 nt 1 nt 1 1/10 0.235)
1 831 1/40 nt I nt 1 1/20 0.169)
1 1318 1/40 1/10 I nt I nt 1 nt 
1
1 nt 
1
1.089)
|7C 178 1/40 - 1 1/40 1 -
1
1 nt 1 1/160 0.335)
1 180 1/40 - 1 - 1 1/10 1 nt 0.269)
1 255 1/40 - 1 1/20 1 nt I nt 1 nt 0.185)
1 411 1/40 1/10 I - 1 - J nt 1 nt 0.504)
1 452 1/40 - 1 1/10 1 - I nt 0.371)
1 247 1/80 nt I nt 1 nt 1 1/10 1 nt 0.650)
1 260 1/80 - 1 1/20 1 nt 1 nt 1 nt 0.107)
1 421 1/160 - 1 1/20 1 - I nt ; nt 0.353)
1 443 1/160 1/20 I nt 1 nt 1 nt 1 nt 0.133)
1 587 1/160 1 1/20 1 nt I nt 
1
1 nt
. 1.......
1.209)
All samples showed a negative DFIT result 
nt - not tested
Note
M.bo. 
M.bh. 
M.di. 
M.bg. 
M. ca. 
M.cd.
M.bovis 
M.bovirhinis 
M.dispar 
M.bovigenitalium 
M.californicum 
M.canadense
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In another set of tests, positive field sera for M. calif ornicum and 
M.bovis were tested by ELISA. The specificity of the M.bovis ELISA was 
tested by comparing the OD values showed by those sera when plates were 
coated with M.bovis antigen (Table II.2.16), with the OD values obtained 
when M. californicum antigen was used to coat microtitre plates overnight 
at 4°C (Table II.2.17). The cross-reactivity between M.bovis and 
M.califOTmicum ELISA was checked by using known positive and negative 
sera for M.bovis and M. calif ornicum and comparing the OD values, the 
percentage of samples classified as positive, inconclusive and negative 
was analysed (Figure II.2.10). When positive sera for M.bovis were 
tested in microtitre plates coated with M.californicum antigen, 85.7 per 
cent were negative and 14.3 per cent inconclusive in the ELISA. When 
positive sera for M.californicum were tested in microtitre plates coated 
with M.bovis antigen, 45.5 per cent were negative and 54.5 per cent were 
inconclusive. In no serum sample a positive ELISA result for both 
M.bovis and M. calif ornicum was observed. This results showed a very 
good specificity of the ELISA test and the usefulness to adopt this test 
for antibody detection in herds suffering from mastitis, where M.bovis 
or M. californicum could be the cause of the outbreaks.
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Table II.2.16: CROSS REACTIVITY BETWEEN H.bovis AND H.califomicum ELISA 
RESULTS IN PLATES COATED WITH H.bovis TESTING SERA 
POSITIVE FOR H. calif omicum (a) AND H.bovis (b)
1(a) 1
1 1 
1 ELISA RESULTS | 
1 1
POS
H.bovis
INC NEC 1
1 1
1 Pos 1 
1 1
0% 54.5% 45.5% 1
1 1 
1 n.californicum inc | 
1 1
0% 50% 50% 1
1 1 
1 neg 1 
1 1
0% 0% 100% 1
1(b)
H. calif omicum j
1 ELISA RESULTS POS INC NEG 1
I pos 0% 0% 100% 1
I H.bovis inc 85.7% 14.3% 0% 1
1 neg 45.5% 9.0% 45.5% 1
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Table II. 2.17: CROSS REACTIVITY BETWEEN H.bovis AND H. calif omicum ELISA 
RESULTS IN PLATES COATED WITH H. calif omicum TESTING SERA 
POSITIVE FOR H. calif omicum (a) AND H.bovis (b)
1 (a)
1 ELISA RESULTS POS
H.bovis
INC NEC I
I pos 0% 0% 100% 1
1 fi. calif ornicum inc 9.1% 27.3% 63.6% 1
I neg 18.5% 18.5% 63.0% 1
1(b) 1
1
H. calif omicum j
1 ELISA
1
RESULTS 1 
1
POS INC NEG 1
1
pos 1 
1
0% 14.3% 85.7% 1
I H.bovis
1
inc 1 
1
0% 33.3% 66.7% 1
1
neg 1
L
1.8% 25.0% 73.2% 1
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Fig.II.2.10
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CHAPTER III
SURVEY OF BOVINE SERUM SAMPLES FOR Mycoplasma bovis ANTIBODIES IN BRAZIL 
USING ENZYME-LINKED IMMUNOSORBENT ASSAY
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CHAPTER III
SURVEY OF BOVINE SERUM SAMPLES FOR Mycoplasma hcfois ANTIBODIES 
IN BRAZIL USING ENZYME-LINKED IMMUNOSORBENT ASSAY
One of the great advantages of the ELISA test is that it is sensitive 
and specific, and does not necessarily require very sophisticated 
equipment.
When ELISA tests are performed in laboratories with access to 1) an 
ELISA reader; 2) a computer; and 3) a printer, the test takes 
approximately 2 min overall to read. This equipment offers a very 
linear way to compare the results obtained from each plate. By using a 
positive and a negative control serum in each microtitre plate test, the 
variation within-day and between days can be calculated. The program 
can be set up to correct all the values obtained, by adjusting the 
values according to the mean value calculated from a series of 
duplicates of the OD shown by the positive control serum.
However, it is quite practicable to read the test by naked eye and 
determine thereby accumulative relevant data (WOLTERS et al. 1976; 
BULLOCK and WALLS, 1977; YOLKEN et al. 1977). As in other serological 
tests (as CFT, haemagglutination, inhibition of haemagglutination, GIT) 
in which reading is done by the naked eye, ELISA tests can be adapted 
for this kind of reading, and with these adaptations can be used in the 
field or in laboratories where the whole set of equipment is not 
available.
In this Chapter, an epidemiological survey was done in Brazil by the
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collection of blood samples from cattle, both from slaughter houses and 
from live animals, to be tested by an ELISA for the serodiagnosis of 
M.bovis infections. The ELISA results were obtained by visual reading 
after some adjustment of the technique.
EXPERIMENT 1 : OPTIMUM CONCENTRATION OF REAGENTS FOR VISUAL READING
The ELISA test had first to be adapted for visual readings. Different 
dilutions of antigen (for coating the microtitre plates) and conjugate 
(for the development of the brown colour) were tested to find better 
visual differentiation between the colour produced by the positive and 
the negative control sera.
EXPERIMENT 2 : USE OF VISUAL READING COMPARED WITH SPECTROPHOTOMETRY
All bovine sera collected were tested in Brazil by the same indirect 
ELISA test as described in Chapter 2, and the results were read by eye 
and recorded as + (positive) or - (negative).
These bovine sera were retested in England, using the ELISA reader and 
all other equipment described above. The results obtained by visual 
reading were compared with those obtained as OD.
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MATERIALS AND METHODS
EXPERIMENT 1 : OPTIMUM CONCENTRATION OF REAGENTS FOR VISUAL READING
The positive and negative control sera were used for the adjustment of 
the ELISA results by means of visual reading. The ELISA test used was 
the same as already described in Chapter 2, Experiment 1. Titrations of 
M.bovis antigen (the same as used previously) and conjugate (described 
elsewhere) were done using the control serum at its working dilution 
1/320. The titrations were done in the type of microtitre plate chosen 
to perform all ELISA tests. Dilutions of antigen starting at 1/100 (in
{•vv -rtvt'ÿ.
CBB) were used to coat microtitre plates using columns 1 to 12 V ^ from 
1/100 to 1/650 dilution). The conjugate was tested diluted (in PBST) 
from 1/1000 to 1/4500 in rows A to H respectively. The titration was 
performed in the same way for the positive and negative control sera. 
The plates coated with different dilutions of antigen were incubated 
overnight at 4°C and the proper ELISA test performed on the following 
morning. After this preliminary titration, the dilutions of antigen and 
conjugate that showed the best differentiation between positive and 
negative sera were used to perform an ELISA, using the plate lay-out 
described in Chapter 2, Experiment 2. In this way it was possible to 
study, side by side, a positive and a negative reaction, and choose the 
dilution of antigen and conjugate most effective for this 
differentiation, for use in the proper ELISA test.
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EXPERIMENT 2 : USE OF VISUAL READING COMPARED WITH SPECTROPHOTOMETRY
2.1. SOURCE OF BLOOD SAMPLES
2.1.a) Live Animals
The live-animal samples for M.bovis serodiagnosis using the ELISA test 
belonged to 4 out of the 7 farms described on Chapter 1, Experiment 1. 
Those farms were selected because Mycoplasma and/or Acholeplasma species 
had been isolated from the herds in the survey for Mycoplasmatales from 
nasal discharges described previously.
The animals were sampled at random at milking time in the byre, and 
represented 20 per cent of the total calf population and 10 per cent of 
the total cow population respectively from each farm studied.
The samples were collected using a needle (4 cm) inserted into the 
jugular vein (in calves) or mammary vein (in adults), and the blood was 
collected in glass tubes (13 cm). The tubes were immediately arranged 
in an inclined position and left at room temperature (approximately 
30°C) until the last animal was sampled. This procedure was used to 
allow better separation of the seriim from the blood clot. Samples were 
transported (with care to avoid shaking) to the field laboratory, where 
the serum was separated from the clot using a Pasteur pipette. Samples 
that produced less than 1 ml of serum were centrifuged (at 2,447 g for 
15 min) in an attempt to recover more serum. The serum samples were 
then transported to the LEA (in Niteroi, R.J.) packed in an insulated 
box with ice. At LB A, the serum samples were transferred to small 
plastic tubes, and kept at -20°C until used.
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2.1.b) Slaughter Houses (dead animals)
Blood samples were collected from 4 slaughter houses in Rio de Janeiro 
State, that had been classified as large (one slaughter house), medium 
(two slaughter houses) and small (one slaughter house) units according 
to their capacity for receiving animals. This was done in an attempt to 
diminish the bias problem found when slaughter houses have to be used 
for survey purposes and also to provide the collection of a varied range 
of samples from different herds, as the slaughter houses tend to receive 
animals from neighbouring farms. The slaughter houses chosen to provide 
the blood samples were situated in Caxias (one large unit), Itaperuna 
(one medium and one small unit) and Cantagalo (one small unit) 
municipalities, covering a large area of the central and north region of 
Rio de Janeiro State. Moreover, the survey of Mycoplasmatales from 
nasal discharges of calves (Chapter 1) was carried out with samples 
collected from farms situated in Itaperuna and Cantagalo municipalities.
A randomisation scheme based on a sampling frame from each slaughter 
house was followed, according to instructions of RICHARDS and NORRIS 
(1986). A quota of samples to be collected in each slaughter house, 
proportional to the known throughput of that slaughterhouse, was 
estimated in hope of producing a result which could be interpreted in 
terms of a random selection.
The blood samples were collected immediately after the death of the 
animals, when they had their jugular veins cut. The samples were 
collected in glass tubes (13 cm) and left at room temperature 
(approximately 30°C) in an inclined position. The same procedure as
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described to separate serum clot for samples collected from live animals 
was followed. The sera were kept at -20°C until used.
2.2. INDIRECT ELISA TEST USING VISUAL READING
The proper ELISA test described in Chapter 2, Experiment Z, was 
followed, using the field sera diluted at 1/320. Antigen and conjugate 
were diluted to working dilution as titrated in Experiment 1 of this 
Chapter. The same plate lay-out was used throughout the experiment 
(described in Chapter 2), using the positive and negative sera control 
and microtitre plate described elsewhere.
The results were expressed as + positive) or - negative^ , by 
comparison of the colour developed after stopping the enzymatic reaction 
with HgSO^, using the controls as standard. Every doubtful sample was 
repeated, until a final visual reading was given.
After being tested, the samples were stored at -20°C, until transported 
to the CVL, in England.
2.3. INDIRECT ELISA RESULTS GIVEN BY SPECTROPHOTOMETRY
The serum samples collected in Brazil were retested at CVL, using the 
ELISA reader and other equipment described. The ELISA was peformed 
essentially as described in Chapter 2, Experiment Z. The results were 
expressed as absorbance values, and compared with those found by visual 
readings.
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RESULTS AND DISCUSSION
Distribution of Samples
This Chapter was carried out with bovine serum samples collected in 
Brazil from slaughter houses and from live animals. The animals from 
which blood samples were collected at slaughter houses were grouped in 
"herds" (A to D) and live animals were grouped in "farms" (A to D). The 
distribution of the samples collected is presented in Table III.l.
Table III.l - DISTRIBUTION OF THE ANIMALS SAMPLES FOR H.bovis ANTIBODIES 
DETECTION BY ELISA
LIVE ANIMALS SLAUGHTER HOUSES 1
FARM 1 
1
NO. SAMPLES HERD 1 NO
L  1
SAMPLES 1
1
A I 51
1
A 1 131 1
1
B 1 
1
51
1
B 1 22 1
1
C 1 
1
28
1
C 1 70 1
1
D 1 57
1
D 1 
1
136 1
1
TOTAL 1 
... 1...
187
1
TOTAL 1 
1
359 1
NUMBER OF SAMPLES COLLECTED 546
Although the sera samples had been collected at random from live animals 
and slaughter houses, inevitably sources of bias had occurred. Firstly 
in the farms selection, which was done preferably for farms with known 
respiratory or mastitis problems, and had already contributed with
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material (nasal discharges of calves) for Chapter I, and for previous 
studies (LIBERAL et al. 1982; LIBERAL and ROMIJN, 1988). Secondly, in 
slaughter surveys there are variations related to the herd size sent to 
each slaughter house, the slaughter houses chosen for the survey, and 
the calculation of the number of samples to be collected from each 
house. As the main objective of the research was to detect the presence 
of positive animals for M.bovis (by antibody detection in sera by visual 
ELISA) it was assumed that the sources of bias did not invalidate the 
results obtained.
From live animals it was possible to make a record about the age of the 
animals (except for Farm D from which no data was available) for further 
studies and correlation between ELISA results and the age of the animals 
(Table III.2 and III.3).
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TABLE III.2 : DISTRIBUTION BY AGE OF THE ADULT LIVE ANIMALS FROM WHICH
BLOOD SAMPLES WERE COLLECTED IN BRAZIL
1 1 1 
1 AGE IN YEARS j FARM A | FARM B
1 1 1
1
1 FARM C 
1
1
TOTAL 1 
1
FARM D 1
1
1 2
I 1 
1 1 1
1 1
1 1 the age of the j
1 4 1 3- 1 13 16 1 animals was not j
1 5 1 2 1 1 1 3 6 1 known |
1 6 1 5 1 - 1 11 16 1
1 7 1 3  1 10 1 5 18 1
1 8 1 8 1 4 12 1
1 9 1 2 1 1 1 1 4 1 TOTAL : 43 |
1 10 1 8 1 1 9 1
1 11 1 1  1 1 1
1 2 1
1
1 12 
1
1 1 
1 6 1 
1 1
-
1
1
1
6 1 
1
TOTAL OF ADULTS |
1
1 TOTAL
1 1 
1 39 1 
1 1
31
1
I 20 
1-
1
90 1 
1
133 1
TABLE III.3 : DISTRIBUTION BY AGE OF THE YOUNG LIVE ANIMALS FROM WHICH
BLOOD SAMPLES WERE COLLECTED IN BRAZIL
1 1 1 
1 AGE IN MONTHS 1 FARM A | FARM B 1 FARM C
1
TOTAL 1
I
FARM D I
1 1
1 1
1 Î . 11 1 the age of the j
1 2 4 1 1 5 1 animals was not |
1 3 3 1 1 4 1 known j
1 4 2 1 3 5 1
1 5 1 1 1 4 1 5 . 1
1 6 1 2 1 1 1 1 4 1
1 7 - 1 2 2 1 TOTAL : 14 1
1 8 1 1 1 1 1
1 9 - I
1 10 - 1
1 11 - 1
1 12 . 1 7 1 1 1
2 1 9 1
1
1 >12<24 
1
1 1 
1 2 1 
I 1
2- I
1
46 1 
1
TOTAL OF CALVES j
1 TOTAL 
1
1 1 
1 12 1
1 J ..
20 1 8
1
40 1
_ ... L
54 1
256
EXPERIMENT 1 : OPTIMUM CONCENTRATION OF REAGENTS FOR VISUAL READING
The indirect ELISA was adjusted for visual readings. Using the positive 
and the negative control sera diluted at 1/320 in PBST, different 
concentrations of antigen and conjugate were tested for better 
differentiation between positive and negative results. A visual 
assessment of the plates was done and the dilutions were chosen to carry 
out the test.
The results obtained after several repetitions showed that antigen 
diluted at 1/400 and conjugate at 1/3500 gave the best differentiation 
for visual reading. Although these dilutions represent more 
concentrated antigen and conjugate than for spectrophotometer reading, 
it was still very promising in terms of the cost of the assay when 
comparing the time and equipment necessary to perform the ELISA test 
withV ot^r sophisticated serological techniques. After adjustment of 
the indirect ELISA, a total of 546 bovine serum samples was tested in 
Brazil and the results read by eye.
Results obtained from live animals are shown in Table III.1.1. From all 
farms positive samples were detected by the visual ELISA for M.bovis. 
From Farm A 43.1 per cent of samples gave positive result for M.bovis. 
The second higher percentage of positive animals was detected in Farm D 
and Farm B, with 33.3 per cent animals reacting positively in each farm. 
In Farm C the percentage of positive animals for M.bovis antibodies was 
7.1. Considering the total of serum samples collected from live 
animals, 32.1 per cent showed antibodies for M.bovis detected visually 
by the ELISA test.
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Table III. 1.1 : ELISA VISUAL RESULTS FOR H.bovis ANTIBODIES DETECTION
FROM LIVE ANIMALS
1 RESULT FARM A FARM B FARM C FARM D TOTAL )
j + 22 17 2 19 60 1
1 29 34 26 38 127 1
1 TOTAL 51 51 28 57 187 1
From serum samples collected from animals at slaughter houses the 
results are shown in Table III.1.2. Again positive results were 
obtained from all herds studied. Herd D had the highest percentage of 
positive animals, with a 40.4 figure, followed by Herd B with 36.4 per 
cent. Herd A with 31.3 per cent and Herd C with 25.7 per cent. The 
total percentage of positive animals for H.bovis antibodies detected by 
visual ELISA was 34.0 per cent.
Table III. 1.2 : ELISA VISUAL RESULTS FOR H.bovis ANTIBODIES DETECTION 
FROM SLAUGHTER HOUSES
1 RESULT HERD A HERD B HERD C HERD D TOTAL i
I + 41 8 18 55 122 1
I 90 14 52 81 237 1
1 TOTAL 131 22 70 136 359 1
The results obtained with 546 bovine serum samples collected in Brazil 
(from slaughter houses and live animals) tested by an indirect ELISA for 
M.bovis antibodies detection showe<ithat 33.3 per cent of samples gave 
positive resultswhen the ELISA test was read visually.
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EXPERIMENT 2 : USE OF VISUAL READING COMPARED/WITH SPECTROPHOTOMETRY
All 546 bovine serum samples were retested at CVL for M.bovis antibodies 
using the indirect ELISA test and all the laboratory equipment 
necessary. Antigen and conjugate were used diluted as previously 
reported in Chapter II. The results obtained by spectrophotometry were 
compared with those obtained by visual reading.
From Table III.2.1 to III.2.4 a comparison between ELISA visual results 
and CD values obtained is shown for live animals and slaughter-house 
samples. The localization of farms and herds X.s reported. In Tables 
III.2.2 and III.2.4, the results were grouped in accordance with ELISA 
results by spectrophotometry,as negatives, inconclusives and positives.
Figures III.2.1 to III.2.11 shown the percentage of samples that gave 
positive, inconclusive and negative results (as well as the allocation 
of the inconclusive group) compared with results obtained by visual 
reading, from samples collected from live animals and at slaughter 
houses.
From live animals Farm B presented 47.1 per cent of samples with 
positive results in both readings. For Farm A it was 31.8 per cent of 
correspondence between visual and spectrophotometry readings, followed 
by Farm D with 26.3 per cent. For Farm C, the 2 samples that were 
positive for M.bovis by visual reading gave negative result by 
spectrophotometry. Considering the samples collected at Farms A, B and 
D only, a total of 159 animals were sampled and 33.3 per cent gave 
positive result (Figure III.2.5). As from Farm C no positive result was
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obtained by spectrophotometry reading, when the total of 187 samples 
collected from live animals was analysed again 33.3 per cent gave 
positive results in both visual and spectrophotometry readings (Figure 
III.2.6).
From samples collected at slaughter houses, the correspondence between 
samples positive in both readings was higher. From Herd D 40.0 per cent 
gave positive result followed by Herd B (37.5 per cent), Herd C (33.3 
per cent) and Herd A (29.3 per cent).
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Table III.2.1 ELISA VISUAL READINGS FROM BOVINE SERUM COLLECTED FROM
LIVE ANIMALS IN BRAZIL
1 OD 1
FARM A 1 FARM B 1 FARM C 1 FARM D
TOTAL i
NEC 1 
1
POS 1 NEC 1 
1 1
POS 1 NEC 1 
1
POS 1 NEC 1 
1
POS
1 0.001-0.100 1
1
1 j. 0
1 1 
1 0 1
1
0 1
1
1 1 0 1
1
0 1 0 2 1
1 0.101-0.200 1 4 1 1 1 1 1 0 1 3 1 0 1 0 1 0 9 1
1 0.201-0.300 1 3 1 0 1 6 1 2 1 7 1 0 1 2 1 0 20 1
1 0.301-0.400 1 5 1 1 i 6 1 0 1 6 1 0 1 7 1 0 25 1
1 0.401-0.500 1 5 1 4 1 4 1 2 1 4 1 0 1 11 1 1 31 1
1 0.501-0.600 1 5 1 
1
0 1 5 1 
1 1
0 1 4 1 
1
2 1 6 1 
1
2 24 1
1 0.601-0.700 1 5 1 1
1 1 
1 7 1
1
2 1
1
0 1 0 1
1
10 1 4 29 1
1 0.701-0.800 1 1 1 4 1 5 1 2 1 1 1 0 1 2 1 2 17 1
1 0.801-0.900 1 0 1 
1
4 1 0 1 
1 _ 1
1 1 
1
0 I 0 1 0 1 5 10 1
1 0.901-1.000 1 0 1 2
1 1 
1 0 1
1
1 1
1
0 1 0 1
1
0 1 1 4 1
1 1.001-1.100 1 0 1 1 I 0 1 1 1 0 1 0 1 0 1 3 5 1
1 1.101-1.200 1 0 1 3 1 0 1 1 1 0 1 0 1 0 I 0 4 1
1 1.201-1.300 1 0 1 0 1 0 1 3 1 0 1 0 1 0 1 0 3 1
1 1.301-1.400 1 0 1 0 1 0 1 2 1 0 1 0 I 0 1 1 3 1
1 1.401-1.500 1 0 1 0 1 0 I 0 1 0 1 0 1 0 1 0 0 1
1 1.501-1.600 1 0 1 1 1 0 1 0 1 0 1 0 1 0 1 0 1 1
1 TOTAL 1
1
29 1 
I
22 1 34 1 
1 1
1
17 ; 
1
1
26 1 
1
2 1
1
38 1 
1
19 187 1
rable III.2.2 : COMPARISON BETWEEN ELISA VISUAL AND READER RESULTS
FARM A 1 FARM B 1 FARM C 1 FARM D
1 OD 1 ___1. ___ 1 TOTAL 1---1 -
NEC 1 
1
POS 1 NEC 1 
1 1
POS 1 
1
NEC 1 
1
POS 1 
1
NEC 1 
1
POS
1 0.001-0.600 1
1
23 1 6
1 1 
1 22 1 4 1
1
25 1 2 1 26 1 3 111 1
1 0.601-0.900 1 6 1 9 1 12 1 5 1 1 1 0 1 12 1 11 56 1
1 0.901-1.600 I 0 1 
1
7 1 0 1 
1 1
8 1 
1
0 1 
1
0 1 
1
0 1 
1
5 20 1
1 TOTAL 1 29 1 
1
22
1 1 
1 34 1 
1 1
17 1 
1
1
26 1 
1
1
02 1 
1
1
38 1 
1
19 187 1
Farms A, B and C are situated in Cantagalo, Rio de Janeiro State 
Farm D is situated in Itaperuna, Rio de Janeiro State
From Farms A, B and D M.bovis was isolated from nasal discharges of 
calves
From Farm C no M.bovis was isolated
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Table III.2.3 ELISA VISUAL READINGS FROM BOVINE SERUM COLLECTED FROM
SLAUGHTER HOUSES IN BRAZIL
1 OD I
HERD A 1 HERD B 1 HERD C 1 HERD D 1
TOTAL 1
1
1
NEC 1 
1
POS 1 NEG 1 
1 1
1
POS 1 
1
NEG 1 
1
.......1
POS 1
1
NEG 1 
1
POS
1 0.001-0.100 1
1
0 ; 0
1 1 
1 1 1
1
0 1
1
1 1
1
0 1
1
10 1 0
1
12 1
1 0.101-0.200 1 5 1 0 1 0 1 0 1 3 1 0 1 11 1 0 19 1
1 0.201-0.300 1 11 1 4 1 2 I 0 1 3 1 0 1 14 1 2 36 1
1 0.301-0.400 1 16 1 1 1 3 1 0 1 10 1 0 1 13 1 3 46 1
j 0.401-0.500 1 17 1 3 1 3 1 0 1 10 1 0 1 11 1 4 48 1
1 0.501-0.600 1 20 1 
1
7 1 3 1 
1 1
2 1 
1
15 1 
1
3 1 
1
16 1 
1
3 69 1 
1
1 0.601-0.700 1
1
10 1 4
1 1 
1 2 1
1
1 1
1
9 1
1
3 1 4 1 3
1
36 1
1 0.701-0.800 1 8 1 3 1 0 1 0 1 1 1 4 1 2 1 9 27 I
1 0.801-0.900 1 2 1 
1
7 1 0 1 
1 1
2 1 
1
0 1 
1
2 1 
1
0 1 
1
9 22 1 
1
1 0.901-1.000 1
1
1 1 3
1 1 
1 0 1
1
1 1
1
0
1
3 1
1
0 1 10
1
18 1
1 1.001-1.100 1 0 1 4 1 0 1 1 1 0 1 1 1 0 1 3 9 1
1 1.101-1.200 1 0 1 0 1 0 1 0 1 0 I 0 1 0 1 3 3 1
1 1.201-1.300 1 0 1 3 1 0 1 1 1 0 1 1 1 0 1 4 9 1
1 1.301-1.400 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 2 2 1
1 1.401-1.500 1 0 1 0 1 0 1 0 1 0 1 1 1 0 1 0 1 1
1 1.501-1.600 1 0 1 
1
2 1 0 1 
1 1
0 1 
1
0 1 
1
0 1 
1
0 1 
1
0 2 1 
1
1 TOTAL 1
1
90 1 
1
41
1 1 
1 14 1 
1 1
1
8 I 
1
1
52 1 
1
1
18 1 
1
1
81 1 
1
55
1
359 1 
1
rable III.2.4 : COMPARISON BETWEEN ELISA VISUAL AND READER RESULTS
HERD A 1 HERD B 1 HERD C 1 HERD D
1 OD 1 ___ 1 , ____ 1 TOTAL 11
NEG 1 
1
POS 1 NEG 1 
1 1
POS 1 
1
NEG 1 
1
POS 1 
1
NEG 1 
1
POS
1 0.001-0.600 1 69 1 15 1 12 1
1
2 1
1
42 1
1
3 1
1
75 1 12 230 1
1 0.601-0.900 1 20 1 14 1 2 1 3 1 10 1 9 1 6 1 21 85 1
1 0.901-1.600 1 1 j 
1
12 1 0 1 
1 1
3 1 
1
0 1 
1
6 1 
1
0 1 
1
22 44 1
1 TOTAL 1
1
90 1
L
41
1 1 
1 14 1 
1 1
1
8 1 
1
1
52 1 
1
1
18 1 
1
1
81 1 
1
55 359 1
Herd A is situated in Espirito Santo State 
Herd B and D are situated in Rio de Janeiro State 
Herd C is situated in Minas Gerais State
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Fig.III.2.1
ELISA visual and reader results for M.bovis
in serum samples from live animals
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Fig.III.2.2
ELISA visual and reader results for M.bovis 
in serum samples from live animals
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Fig.III.2.3
ELISA visual a n d  reader results for M.bovis
in s e r u m  s a m p l e s  f r o m  live a n i m a l s
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Fi,g.III.2.4
ELISA visual a n d  reader results for M.bovis
in s e r u m  s a m p l e s  f r o m  live a n i m a l s
Farm D
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Fig.III.2.5
ELISA visual and reader results for M.bovis
in serum samples from live animals
Farms A,B & D only
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Fig.III.2.6
ELISA visual and reader results for M.bovis
in serum samples from live animals
Farms A,B,C & D
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Fig.III.2.7
ELISA visual a n d  reader results for M.bovis
in s e r u m  s a m p l e s  f r o m  slaughter h o u s e s
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Fig.III.2.8
ELISA visual a n d  reader results for M.bovis
in s e r u m  s a m p l e s  f r o m  slaughter h o u s e s
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Fig.III.2.9
ELISA visual a n d  reader results for Af. b o m s
in s e r u m  s a m p l e s  f r o m  slaughter h o u s e s
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Fig.III.2.10
ELISA visual a n d  reader results for M.bovis
in s e r u m  s a m p l e s  f r o m  slaughter h o u s e s
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Fig.III.2.11
ELISA visual a n d  reader results for Af. b o m s
in s e r u m  s a m p l e s  f r o m  slaughter h o u s e s
Herds A,B,C & D
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Considering the total of 359 samples collected at slaughter houses, 35.3
per cent gave positive ELISA results for M.bovis antibody detection
using both visual and spectrophotometry readings.
No sample collected from live animals that gave negative results by 
visual reading gave positive results by spectrophotometry. From samples 
collected at slaughter houses only in one case a negative visual result 
was positive by spectrophotometry.
A record of recent cases of mastitis in cows belonging to Farm A was 
obtained and 17 animals were sampled and analysed by both reading 
methods. Results are shown in Table III.2.5. Using the visual ELISA, 8 
cows gave a positive result for M.bovis (47.1 per cent) and by 
spectrophotometry 3 cows were positive (17.6 per cent). Since for 
visual reading the results were given only as positive or negative, a 
study of the inconclusive group in spectrophotometry was carried out. 
In this particular sample of cows with mastitis problems, when the ELISA 
inconclusive group was regarded as positive, the total of positive 
samples was 9 (52.9 per cent), a result much closer to the visual
readings. From the results obtained in this group of animals, it seems 
clear that M.bovis was present in this farm, and could be the cause of 
some mastitis in the cows.
A study was carried out of the specificity and sensitivity of the visual 
ELISA compared with results obtained by spectrophotometry. The 
predictive values of positive and negative samples were calculated, as 
well as the test bias, for every farm and every herd sampled. The 
coefficients of association and colligation were determined between
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TABLE III.2.5 : ELISA RESULTS OF SERUM SAMPLES COLLECTED FROM ADULT 
ANIMALS THAT HAD A HISTORY OF RECENT MASTITIS (FARM A)
1 SAMPLE IDENTIFICATION OD AT 490mm | RESULT VISUAL READING |
1 1 0.267 1 - 1
1 8 1.193 1 + + I
1 24 0.420 1 - I
1 25 0.476 1 - I
1 28 0.620 1 ? I
1 29 0.877 1 ? + 1
1 32 0.324 1 - I
I 33 0.511 1 - I
1 34 1.176 1 + + I
1 36 0.741 1 ? + 1
1 37 0.682 1 ? 1
1 43 0.613 I ? + 1
1 44 0.385 1 - I
1 45 0.387 1 - I
1 46 0.702 1 ? + I
1 49 0.450 1 - + I
1 50 1.689 1 + + 1
Negative j 8 9 1
1 Total Inconclusive| 6 1
Positive j 3 8 1
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the two reading methods. The chi-squared values were calculated to 
study the correlation between the results obtained in visual and 
spectrophotometry ELISAs. Again the position of the inconclusive ELISA 
results were analysed in relation to visual readings. The results 
obtained are presented in Appendices X.a to X.f for live animals, and in 
Appendix X.g to X.k for samples collected at slaughter houses. In 
Appendix X.1 the total of samples collected (live and dead animals) was 
analysed in the same way.
The correlation between age and ELISA results (by spectrophotometry) was 
analysed in Farms A, B and C. The results are presented as follows:
Fam A: the results are presented in Table III.2.6, considering ELISA 
results as positive, inconclusive and negative. The allocation of the 
inconclusive group as positive was studied and presented in Table 
III.2.7, and as negative was presented in Table III.2.8. For adult 
animals, 66.7 per cent of animals aged 7 years were positive. This 
figure increased to 100.0 per cent when the inconclusive group was 
considered as positive. The second highest percentage of positive 
animals was found in animals aged 8 years (25.0 per cent). For young 
animals, the only age group presenting positive results was 12 months 
old (14.3 per cent). This figure was increased to 28.6 per cent when 
inconclusive results were regarded as positive.
Farm B: results are presented in Tables III.2.9 to III.2.11, using the 
same criteria as already described for allocating the inconclusive 
group. For adult animals, 100.0 per cent of the 10 year old group were 
positive, but only one animal of this age was sampled, making this data
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TABLE III.2.6 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR M.bovis
SERODIAGNOSIS IN FARM A
ELISA RESULTS I PERCENTAGE j
TOTAL 1 OF 1
1 AGE IN YEARS | POSITIVE INCONCLUSIVE | NEGATIVE I POSITIVES!
I 2 1 0 0 1 1 1 1 0 1
1 4 1 0 2 1 1 3 1 0 1
1 5 1 0 1 1 1 2 1 0 1
1 6 1 1 1 1 3 5 1 20.0 1
1 7 1 2 1 1 0 3 1 66.7 I
1 8 1 2 2 1 4 8 1 25.0 I
1 9 1 0 0 1 2 2 i 0 1
I 10 1 0 3 1 5 8 1 0 1
1 11 1 0 1 1 0 1 1 0 1
I 12 1 1 3 1 2 6 1 16.7 1
1 TOTAL 1 6 14 1 19 39 i 15.4 1
ELISA RESULTS 1 PERCENTAGE j
TOTAL 1 OF I
1 AGE IN MONTHS 1 POSITIVE INCONCLUSIVE | 
1
NEGATIVE 1 POSITIVES!
1 1 1 0
1
0 1 0 0 1 0 !
1 2 I 0 0 1 0 0 ! 0 !
1 3 1 0 0 1 0 0 ! 0 !
1 4 1 0 0 1 0 0 ! 0 !
1 5 1 0 0 1 1 1 ! 0 !
1 6 1 0 0 1 2 2 ! 0 !
I 7 1 0 0 1 0 0 ! 0 !
1 8 1 0 0 1 0 0 I 0 !
1 9 1 0 0 1 0 0 ! 0 !
1 10 I 0 0 1 0 0 ! 0 !
1 11 1 0 0 1 0 0 ! 0 !
1 12 1 1 1 1 5 7 1 14.3 !
1 >12<24 1 0 0 1 
1
2 2 ! 0 !
1 TOTAL 1 1 1 1 
1
10 12 ! 8.3 !
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TABLE III.2.7 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR M.bovis
SERODIAGNOSIS CONSIDERING OD > 0.600 AS POSITIVE IN
FARM A
i AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
I PERCENTAGE j 
I OF I 
1 POSITIVES]
1 2 0
1
1 1 1 1 0 1
1 4 2 1 1 3 I 66.7 1
1 5 1 1 1 2 1 50.0 1
1 6 2 1 3 5 1 40.0 1
1 7 3 1 0 3 1 100.0 1
1 8 4 1 4 8 1 50.0 1
1 9 0 1 2 2 1 0 1
1 10 3 1 5 8 1 37.5 1
1 11 1 1 0 1 1 100.0 1
1 12 4 1 2 
1
6 1 66.7 1
1 TOTAL 20 1 19 
1
39 1 51.3 1
1 1 
1 1 
1 1 
j AGE IN MONTHS|
1 1
ELISA
POSITIVE
RESULTS 
1 NEGATIVE
TOTAL
I PERCENTAGE j 
1 OF 1 
1 POSITIVES]
1 1 
1 1 1 0
1
i 0 0 1 0 ]
1 2 1 0 1 0 0 1 0 ]
1 3 1 0 1 0 0 1 0 ]
1 4 j 0 1 0 0 ] 0 ]
1 5 1 0 1 1 1 ] 0 ]
1 6 1 0 1 2 2 1 0 ]
1 7 1 0 1 0 0 ] 0 ]
1 8 1 0 1 0 0 1 0 ]
1 9 1 0 1 0 0 1 0 ]
1 10 1 0 1 0 0 1 0 ]
1 11 1 0 1 0 0 1 0 ]
1 12 1 2 1 5 7 ] 28.6 ]
1 >12<24 1 
1 1
0 1 2 
1
2 1 0 ]
1 1 
1 TOTAL 1 
1 1
2
1
1 10 
J.. _l
12 1 16.7 ]
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TABLE III.2.8 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR M.bovis
SERODIAGNOSIS CONSIDERING OD > 0.900 AS POSITIVE IN
FARM A
1 AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
1 PERCENTAGE j 
1 OF 1 
1 POSITIVES]
1 2 0
1
1 1 1 1 0 ]
1 4 0 1 3 3 1 0 ]
1 5 0 1 2 2 1 0 ]
1 6 1 1 4 5 ] 20.0 ]
1 7 2 1 1 3 ] 66.7 ]
1 8 2 1 6 8 1 25.0 ]
1 9 0 1 2 2 i 0 ]
1 10 0 1 8 8 1 0 ]
1 11 0 1 1 1 I 0 ]
1 12 1 1 5 
1
6 1 16.7 ]
1 TOTAL 6
1
1 33 
.1 .....
39 1 15.4 ]
1 1
1 1 
J AGE IN MONTHS]
1 1
ELISA
POSITIVE
RESULTS
] NEGATIVE 
1
TOTAL
i PERCENTAGE] 
1 OF 1 
J POSITIVES]
1 1 
1 1 1 0
1
1 0 0 ( 0 ]
1 2 ] 0 1 0 0 1 0 ]
1 3 1 0 1 0 0 1 0 ]
1 4 ] 0 1 0 0 1 0 ]
1 5 ] 0 ] 1 1 1 0 ]
] 6 ] 0 1 2 2 1 0 ]
1 7 ] 0 1 0 0 ] 0 ]
1 8  ] 0 1 0 0 1 0 ]
1 9 ] 0 1 0 0 1 0 ]
1 10 ] 0 ] 0 0 1 0 ]
1 11 1 0 1 0 0 1 0 ]
1 12 ] 1 1 6 7 1 14.3 ]
] >12<24 ] 
1 1
0 1 2 2 1 0 ]
1 1 
] TOTAL ]
1 1
1
1
1 11 
1 ... ...J
12 1 8.3 ]
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TABLE III.2.9 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bovis
SERODIAGNOSIS IN FARM B
ELISA RESULTS I PERCENTAGE|
TOTAL 1 OF 1
1 AGE IN YEARS | POSITIVE INCONCLUSIVE | NEGATIVE 1 POSITIVES]
1 2 1 0 0 1 0 1 1 0 ]
1 4 1 2 6 1 5 13 1 15.4 ]
1 5 1 0 0 1 1 1 1 0 ]
1 6 1 0 0 1 0 0 1 0 ]
1 7 1 1 3 1 6 10 ] 10.0 ]
1 8 1 0 1 1 3 4 1 0 ]
1 9 1 0 0 1 1 1 1 0 ]
1 10 1 1 0 1 0 1 ] 100.0 ]
1 11 1 0 0 1 1 1 1 0 ]
1 12 I 0 0 1 0 0 1 0 1
1 TOTAL 1 4 10 1 17 31 ] 12.9 ]
ELISA RESULTS 1 PERCENTAGE)
TOTAL 1 OF 1
1 AGE IN MONTHS| POSITIVE INCONCLUSIVE | 
1
NEGATIVE 1 POSITIVES]
1 1 1 0
1
1 1 0 1 1 0 ]
1 2 1 1 2 1 1 4 1 25.0 ]
1 3 1 0 0 1 3 3 1 0 ]
1 4 1 1 0 1 1 2 ] 50.0 ]
1 5 1 2 0 1 2 4 ] 50.0 ]
1 6 1 0 1 1 0 1 1 0 ]
1 7 1 0 0 1 0 0 i 0 1
1 8 1 0 0 1 1 1 1 0 ]
1 9 1 0 0 1 0 0 1 0 1
1 10 1 0 0 1 0 0 1 0 ]
1 11 1 0 0 1 0 0 1 0 ]
1 12 1 0 1 1 1 2 1 0 ]
1 >12<24 1 0 1 1 
1
1 2 1 0 ]
1 TOTAL 1 4
1
6 1 
...... J .
10 20 ] 20.0 ]
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TABLE III.2.10 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bovis
SERODIAGNOSIS CONSIDEELLNG OD > 0.600 AS POSITIVE IN
FARM B
1 AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
I PERCENTAGE| 
1 OF 1 
I POSITIVES]
1 2 0
1
I 0 1 1 0 ]
1 4 8 1 5 13 1 61.5 ]
1 5 0 1 1 1 1 0 ]
1 6 0 1 0 0 i 0 ]
1 7 4 1 6 10 ] 40.0 ]
1 8 1 1 3 4 1 25.0 ]
1 9 0 1 1 1 1 0 ]
1 10 1 1 0 1 ] 100.0 1
1 11 0 1 1 1 1 0 ]
1 12 0 i 0 
1
0 1 0 ]
1 TOTAL 14
1
1 17
J...  ....
31 1 45.2 ]
] AGE IN MONTHS]
ELISA
POSITIVE
RESULTS
] NEGATIVE 
1
TOTAL
j PERCENTAGE J 
1 OF 1 
J POSITIVES]
1 1 1 1
1
1 0 1 ] 100.0 ]
I 2 ] 3 ] 1 4 1 75.0 ]
1 3 ] 0 1 3 3 1 0 ]
1 4 ] 1 ] 1 2 ] 50.0 ]
i 5 ] 2 1 2 4 ] 50.0 ]
I 6 ] 1 1 0 1 ] 100.0 ]
1 7 ] 0 1 0 0 1 0 ]
1 8 ] 0 ] 1 1 1 0 ]
I 9 ] 0 1 0 0 1 0 ]
] 10 ] 0 1 0 0 1 0 ]
1 11 1 0 1 0 0 1 0 ]
1 12 1 1 ] 1 2 ] 50.0 ]
1 >12<24 1 1 ] 1 
1
2 ] 50.0 ]
] TOTAL J 10
1
1 10 
1
20 1 50.0 ]
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TABLE III.2.11 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bovis
SERODIAGNOSIS CONSIDERING OD > 0.900 AS POSITIVE IN
FARM B
I AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
iPERCENTAGE] 
1 OF 1 
j POSITIVES]
1 2 0
1
I 0 0 1 0 ]
1 4 2 1 11 13 1 15.4 ]
1 5 0 1 1 1 1 0 ]
1 6 0 1 0 0 1 0 ]
1 7 1 1 9 10 ] 10.0 ]
1 8 0 I 4 4 ] 0 ]
1 9 0 1 1 1 1 0 ]
1 10 1 1 0 1 ] 100.0 ]
1 11 0 1 1 1 i 0 ]
1 12 0 1 0 
I
0 1 0 ]
1 TOTAL 4
1
1 27 31 1 12.9 ]
] AGE IN MONTHS]
ELISA
POSITIVE
RESULTS
J NEGATIVE 
1
TOTAL
1 PERCENTAGE) 
1 OF J 
J POSITIVES]
1 1 i 0
1
] 1 1 1 0 ]
1 2 ] 1 1 3 4 1 25.0 ]
1 3 ] 0 1 3 3 1 0 ]
1 4 ] 1 1 1 2 ] 50.0 ]
1 5 ] 2 1 2 4 ] 50.0 ]
] 6 ] 0 ] 1 1 1 0 ]
1 7 ] 0 1 0 0 1 0 ]
1 8 ] 0 1 1 1 1 0 ]
1 9 ] 0 i 0 0 1 0 ]
1 10 1 0 1 0 0 1 0 ]
1 11 1 0 1 0 0 i 0 ]
1 12 ] 0 I 2 2 1 0 ]
] >12<24 ] 0 1 2 2 1 0 ]
1 TOTAL 1 4
1
1 16 
1
20 1 20.0 ]
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nonrepresentative. Animals 4 years old were 15.4 per cent positive and 
61.5 per cent when the inconclusive group was regarded as positive. The 
7 years old group represented 10.0 per cent of the positive samples, the 
figures increasing to 25.0 per cent with inconclusives considered as 
positive. No positive result was obtained for the 8 years old group but 
25.0 per cent were inconclusive. For young animals, 50.0 per cent of 
the 4 month old and 5 month old group were positive, with 25.0 per cent 
for the 2 months old group. When inconclusive results were regarded as 
positive, no change was observed for the 4 and 5 months old group (50.0 
per cent of positives) but the 2 months old group increased to 75.0 per 
cent positives. The figures were also changed for the 1 and 6 months 
group, showing 100.0 per cent of positive results, but only one sample 
from each group of age was collected. Groups 12 months old and higher 
(>12<24) showed 50.0 per cent of positive results by this criterion, 
with only 2 samples collected from each group respectively.
Fam C: in Tables III.2.12 to III.2.14 the correlations between age and 
ELISA results are presented following the same criteria as described 
previously. No positive result for M.bovis was observed for either 
adults or young animals. Interpreting the inconclusive results as 
positive, one animal aged 6 year was positive, representing 9.1 per cent 
of this age group.
Total results : amalgamating all animal samples from Farms A, B and C, 
the results were analysed and presented in Tables III.2.15 to III.2.17. 
The inconclusive group was again analysed separately (Tables III.2.16 
and III.2.17). For adult animals, the highest percentage of positive 
was obtained for the 7 and 8 years old (16.7 per cent), as the group
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TABLE III.2.12 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR Il.bovis
SERODIAGNOSIS IN FARM C
ELISA RESULTS 1 PERCENTAGE|
TOTAL I OF 1
1 AGE IN YEARS | POSITIVE INCONCLUSIVE | NEGATIVE 1 POSITIVES!
1 2 1 0 0 1 0 0 1 0 1
1 4 1 0 0 1 0 0 1 0 1
1 5 1 0 0 1 3 3 1 0 1
1 6 1 0 1 1 10 11 1 0 1
1 7 1 0 0 1 5 5 1 0 1
1 8 1 0 0 1 0 0 1 0 1
1 9 1 0 0 1 1 1 1 0 1
1 10 1 0 0 1 0 0 1 0 1
1 11 1 0 0 1 0 0 1 0 1
1 12 1 0 0 1 0 0 1 0 1
1 TOTAL 1 0 1 1 19 20 1 0 1
ELISA RESULTS 1 PERCENTAGE|
TOTAL 1 OF 1
1 AGE IN MONTHS| POSITIVE INCONCLUSIVE | 
1
NEGATIVE 1 POSITIVES)
1 1 1 0
1
0 1 0 0 1 0 1
1 2 1 0 0 1 1 1 1 0 1
1 3 1 0 0 1 1 1 1 0 1
1 4 1 0 0 1 3 3 1 0 1
1 5 1 0 0 1 0 0 I 0 1
1 6 1 0 0 1 1 1 1 0 1
1 7 I 0 0 1 2 2 1 0 1
1 8 1 0 0 1 0 0 1 0 1
1 9 1 0 0 1 0 0 1 0 1
1 10 1 0 0 1 0 0 1 0 1
1 11 1 0 0 I 0 0 1 0 1
1 12 1 0 0 1 0 0 1 0 1
1 >12<24 1 0 0 1 
1
0 0 1 0 1
1 TOTAL 1 0
1
0 1 
1
8 8 1 0 1
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TABLE III.2.13: CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bcfVis
SERODIAGNOSIS CONSIDERING OD > 0.600 AS POSITIVE IN
FARM C
I AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
PERCENTAGE| 
OF 1 
POSITIVES 1
1 2 0
1
1 0 0 0 1
1 4 0 1 0 0 0 1
1 5 0 1 3 3 0 1
1 6 1 1 11 10 9.1 1
1 7 0 1 5 5 0 1
i 8 0 1 0 0 0 1
1 9 0 1 1 1 0 1
1 10 0 1 0 0 0 1
1 11 0 1 0 0 0 1
1 12 0 1 0 
1
0 0 1
1 TOTAL 1
1
1 19 20 5.0 1
1 1 
1 1 
1 1 
1 AGE IN MONTHS 1
1 1
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
1 PERCENTAGE| 
1 OF 1 
1 POSITIVES!
1 1 
1 1 1 0
1
I 0 0 1 0 !
1 2 1 0 1 1 1 i 0 !
1 3 1 0 1 1 1 1 0 !
1 4 1 0 1 3 3 1 0 !
1 5 1 0 1 0 0 1 0 !
1 6 I 0 1 1 1 1 0 !
1 7 1 0 1 2 2 ! 0 !
1 8 1 0 1 0 0 ! 0 !
1 9 1 0 1 0 0 1 0 !
1 10 1 0 1 0 0 1 0 !
1 11 1 0 1 0 0 1 0 !
1 12 1 0 1 0 0 1 0 1
1 >12<24 1 0 I 0 
1
0 ! 0 !
1 1 
1 TOTAL 1 
1 1
0
1
1 8 
1
8 ! 0 !
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TABLE III.2.14 : CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bovis
SERODIAGNOSIS CONSIDERING OD > 0.900 AS POSITIVE IN
FARM C
i AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
I PERCENTAGE! 
1 OF ! 
1 POSITIVES!
1 2 0 1 0 0 1 0 !
1 4 0 1 0 0 1 0 !
1 5 0 1 3 3 1 0 !
1 6 0 1 11 11 1 0 !
1 7 0 1 5 5 1 0 !
1 8 0 1 0 0 1 0 !
1 9 0 1 1 1 1 0 !
1 10 0 1 0 0 1 0 !
1 11 0 1 0 0 ! 0 !
1 12 0 1 0 
1
0 1 0 !
1 TOTAL 0
1
1 20 20 1 0 !
1 1 
1 1 
! AGE IN MONTHS| 
1 1
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
I PERCENTAGE| 
1 OF 1 
1 POSITIVES!
1 1 
1 1 1 0
1
i 0 0 1 0 !
1 2 1 0 1 1 1 1 0 1
! 3 1 0 ! 1 1 ! 0 !
! 4 ! 0 1 3 3 ! 0 !
! 5 0 ! 0 0 ! 0 !
! 6 ! 0 ! 1 1 ! 0 !
! 7 ! 0 1 2 2 L 0 !
! 8 ! 0 ! 0 0 1 0 !
! 9 ! 0 ! 0 0 1 0 !
1 10 ! 0 ! 0 0 1 0 !
! 11 ! 0 I 0 0 1 0 !
! 12 1 0 1 0 0 1 0 !
! >12<24 1 
1 1
0 1 0 
1
0 1 0 !
1 1 
1 TOTAL 1 
1 1
0
1
1 8 
1
8 I 0 !
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TABLE III.2.15 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bovis
SERODIAGNOSIS IN FARMS A, B AND C
ELISA RESULTS I PERCENTAGE|
TOTAL 1 OF 1
1 AGE IN YEARS j POSITIVE INCONCLUSIVE | NEGATIVE 1 POSITIVES]
1 2 1 0 0 1 1 1 1 0 1
1 4 1 2 8 1 6 16 1 12.5 1
1 5 1 0 1 1 5 6 1 0 1
1 6 1 1 2 1 13 16 1 6.3 1
1 7 1 3 4 1 11 18 1 16.7 1
1 8 1 2 3 1 7 12 1 16.7 1
1 9 1 0 0 1 4 4 1 0 1
1 10 1 1 3 1 5 9 1 11.1 1
1 11 1 0 1 1 1 2 1 0 1
1 12 1 1 3 1 2 6 1 16.7 1
1 TOTAL 1 10 25 1 55 90 1 11.1 1
ELISA RESULTS I PERCENTAGE j
TOTAL 1 OF I
1 AGE IN MONTHS| POSITIVE INCONCLUSIVE | 
1
NEGATIVE 1 POSITIVES]
1 1 1 0
1
1 1 0 1 1 0 1
1 2 1 1 2 1 2 5 1 20.0 1
1 3 1 0 0 I 4 4 1 0 1
1 4 1 1 0 1 4 5 1 20.0 1
1 5 1 2 0 1 3 5 1 40.0 1
I 6 1 0 1 1 3 4 1 0 1
1 7 1 0 0 1 2 2 1 0 1
1 8 1 0 0 1 1 1 1 0 1
1 9 1 0 0 1 0 0 1 0 1
1 10 1 0 0 1 0 0 1 0 1
1 11 1 0 0 1 0 0 1 0 1
1 12 1 1 2 1 6 9 1 11.1 1
1 >12<24 1 0 1 1 
1
3 4 1 0 I
1 TOTAL 1 5 7 1 
1
28 40 1 12.5 1
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TABLE III.2.16 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H.bavis
SERODIAGNOSIS CONSIDERING OD > 0.600 AS POSITIVE IN
FARMS A, B AND C
AGE IN YEARS
ELISA
POSITIVE
RESULTS 
1 NEGATIVE
TOTAL
I PERCENTAGE| 
1 OF I 
1 POSITIVES]
2 0
1
1 1 1 1 0 ]
4 10 1 6 16 ] 62.5 ]
5 1 1 5 6 1 16.7 ]
6 3 I 13 16 ] 18.8 ]
7 7 1 11 18 ] 38.9 ]
8 5 1 7 12 1 41.7 ]
9 0 1 4 4 1 0 ]
10 4 1 5 9 ] 44.4 ]
11 1 1 1 2 j 50.0 ]
12 4 I 2 
1
6 ] 66.7 ]
TOTAL 35
1
1 55 
1
90 ] 38.9 ]
] AGE IN MONTHS]
ELISA
POSITIVE
RESULTS
] NEGATIVE 
1
TOTAL
j PERCENTAGE j 
1 OF 1 
1 POSITIVES]
1 1 1 1
1
1 0 1 ] 100.0 ]
1 2 ] 3 1 2 5 ] 60.0 ]
1 3 ] 0 1 4 4 1 0 ]
1 4 ] 1 1 4 5 ] 20.0 ]
1 5 ] 2 1 3 5 ] 40.0 ]
i 6 ] 1 1 3 4 1 25.0 1
1 7 ] 0 1 2 2 1 0 ]
1 8 ] 0 ] 1 1 1 0 ]
1 9 ] 0 1 0 0 ] 0 ]
1 10 ] 0 1 0 0 1 0 ]
1 11 1 0 1 0 0 1 0 ]
1 12 1 3 I 6 9 ] 33.3 ]
] >12<24 ] 1 1 3 
1
4 1 25.0 ]
j TOTAL 1 12
1
j 28 
1
40 ] 30.0 ]
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TABLE III.2.17 CORRELATION BETWEEN AGE AND ELISA RESULTS FOR H,lxxvis
SERODIAGNOSIS CONSIDERING OD > 0.900 AS POSITIVE IN
FARMS A, B AND C
AGE IN YEARS
ELISA
POSITIVE
RESULTS
1 NEGATIVE 
1
TOTAL
I PERCENTAGE j 
1 OF 1 
I POSITIVES]
2 0
1
1 1 1 1 0 ]
4 2 1 14 16 1 12.5 ]
5 0 1 6 6 ] 0 ]
6 1 1 15 16 1 6.3 ]
7 3 1 15 18 1 16.7 1
8 2 1 10 12 1 16.7 ]
9 0 1 4 4 ] 0 ]
10 1 1 8 9 1 11.1 1
11 0 1 2 2 1 0 j
12 1 1 5 
1
6 1 16.7 ]
TOTAL 10
1
1 80 
1
90 1 11.1 1
1 1 
1 1 
1 1 
] AGE IN MONTHS]
1 1
ELISA
POSITIVE
RESULTS
j NEGATIVE 
1
TOTAL
1 PERCENTAGE J 
I OF 1 
1 POSITIVES]
1 1 
1 1 1 0 J 1 1 1 0 ]
1 2 ] 1 1 4 5 ] 20.0 ]
] 3 1 0 1 4 4 1 0 ]
I 4 j 1 1 4 5 ] 20.0 ]
1 5 1 2 1 3 5 ] 40.0 ]
1 6 ] 0 4 4 1 0 ]
1 7 1 0 1 2 2 1 0 ]
1 8 ] 0 1 1 1 1 0 ]
1 9 ] 0 1 0 0 1 0 ]
I 10 1 0 0 0 1 0 1
1 11 1 0 1 0 0 1 0 ]
i 12 1 1 1 8 9 1 11.1 1
] >12<24 1 
1 1
0 1 4 
1
4 1 0 ]
1 TOTAL 1 
1 1
5
1
1 35 
1
40 j 12.5 1
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aged 12 years had only one positive representative in a total of 6 
samples (showing also 16.7 per cent of positives). Animals aged 4 years 
included 12.5 per cent of positive results followed by 10 years (11.1 
per cent) and 6 years old (6.3 per cent). The figures were totally 
altered when the inconclusive group was regarded as positive. The 
results obtained were presented in a decreasing order of positivity as 
follows : group aged 12 years with 66.7 per cent (with only 6
representatives), aged 4 years with 62.5 per cent (16 representatives), 
aged 11 years with 50.0 per cent (only 2 representatives), aged 10 years 
with 44.4 per cent (9 representatives), aged 8 years with 41.7 per cent 
(12 representatives), aged 7 years with 38.9 per cent (18 
representatives), aged 6 years with 18.8 per cent (16 representatives), 
aged 5 years with 16.7 per cent (6 representatives) and aged 2 and 9 
years with no positive results (1 and 4 representatives respectively). 
The study carried out with young animals showed the following results: 
40.0 per cent of animals aged 5 months were positive, followed by the 2 
and 4 month old groups (20.0 per cent each) and the 12 month old group 
with 11.1 per cent of positives. Figures were totally different again 
if the inconclusive group was regarded as positive. Using this 
criterion 100.0 per cent of the 1 month old were positive (1 
representative) followed by the 2 month old with 60.0 per cent (5 
representatives), 12 month old with 33.3 per cent (9 representatives), 6 
and >12<24 month old with 25.0 per cent (with 4 representatives each), 4 
month old with 20.0 per cent (5 representatives), while in groups aged 
3, 7, 8, 9, 10 and 11 months no positive result was observed.
Considering the ELISA results obtained spectrophotometrically from all 
546 serum samples analysed, the results could be presented as shown in 
Tables III.2.18 to III.2.20, Figures III.2.12 and III.2.13.
290
TABLE III.2.18 : ELISA RESULTS FOR M.bovis SERODIAGNOSIS IN BOVINE SERUM 
SAMPLES COLLECTED IN BRAZIL
{samples collected
1
from{POSITIVE 
1
INCONCLUSIVE NEGATIVE TOTAL
PERCENTAGE| 
OF 1 
POSITIVES]
1 SLAUGHTER HOUSES 1 44 
1
85 230 359 12.3 ]
1 LIVE ANIMALS
1
1 20 56 111 187 10.7 ]
I Total
1
1 64 141 341 546 11.8 ]
TABLE III.2.19 : ELISA RESULTS FOR H.bavis SERODIAGNOSIS IN BOVINE SERUM 
SAMPLES COLLECTED IN BRAZIL CONSIDEELCNG OD > 0.600 AS 
POSITIVE
]samples collected from POSITIVE NEGATIVE TOTAL
PERCENTAGE] 
OF 1 
POSITIVES 1
] SLAUGHTER HOUSES 129 230 359 35.9 ]
] LIVE ANIMALS 76 111 187 40.6 ]
1 Total 205 341 546 37.5 ]
TABLE III.2.20 : ELISA RESULTS FOR H.bavis SERODIAGNOSIS IN BOVINE SERUM 
SAMPLES COLLECTED IN BRAZIL CONSIDERING OD > 0.900 AS 
POSITIVE
]samples collected from POSITIVE NEGATIVE TOTAL
PERCENTAGE| 
OF ] 
POSITIVES]
] SLAUGHTER HOUSES 44 315 359 12,3 ]
] LIVE ANIMALS 20 167 187 10.7 ]
] Total 64 482 546 11.7 ]
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Fig.III.2.12
ELISA visual aud reader results for if. bovis 
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Live Animals: A total of 187 bovine serum samples were tested by ELISA 
for n.bovis antibody detection. Of these 10.7 per cent gave a positive 
result, 29.9 per cent were inconclusive and 59.4 per cent were negative. 
When the inconclusive group was regarded as positive, the results 
obtained were 40.6 per cent positive and 59.4 per cent negative.
Invariably for all farms (excluding Farm C that had no positive result), 
the visual reading was more sensitive but less specific when ELISA OD 
>0.900 was considered as positive. For Farm C, the sensitivity was 
found to be 93 per cent both with ELISA OD >0.600 and ELISA OD >0.900 
considered as positive. As no positive result was obtained,the presence 
of zero in one of the values did not allow the calculation of the 
sensitivity of the test. For all farms (including Farm C), the 
predictive value of negative was found to be 100 per cent when ELISA OD 
>0.900 was considered as positive. The predictive value of positive 
samples varCed from 26 to 47 per cent in Farms A, B and D. Again for 
Farm C it was impossible to calculate this value. The coefficient of 
association between readings was found to be 1 for all farms (excluding 
Farm C), and the coefficient of colligation varying from 0.95 to 0.99 
(excluding Farm C) when ELISA OD >0.900 was considered as positive. The 
test bias found for Farm A, B and D showed very high values, varying 
from 2.12 to 3.8 per cent.
Considering all farms together, when ELISA OD >0.900 was considered as 
positive, the visual readings appear to be more sensitive (100 per 
cent) but less specific (76 per cent), with a predictive value of 
negative of 100 per cent] a predictive value of positive of 33 per cent] 
a coefficient of association equal to 1; a coefficient of colligation
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equal to 0.9; with a 3.0 per cent value for test bias.
Considering the results of Farm A, B and D only, when ELISA OD >0.900 
was considered as positive the visual reading appears to be more 
sensitive (100 per cent) but less specific (73 per cent), with a 
predictive value of negative samples of 100 per cednt; a predictive 
value of positive samples of 34 per cent; a coefficient of association 
equal to 1; a coefficient of colligation equal to 0.99, and a test bias 
of 2.9 per cent.
For the chi-squared analysis, the best result of all was obtained from
2Farm A, considering ELISA OD >0.600 as positive, with X -0 and p >0.99. 
For all farms together (including Farm C), the best result was obtained 
with ELISA OD >0.600 as positive, with X^-2.96 and p >0.05.
Slaugher Houses: A total of 359 samples were collected and analysed for 
M.bovis antibody detection by ELISA. The percentage of positive results 
was 12.3, and for inconclusive results 23.7, with 64.0 per cent 
negative. Considering the inconclusive group as positive, the results 
were 36.0 per cent positive and 64.0 per cent negative.
Similar analysis was carried out with the results obtained from samples 
collected at slaughter houses. Again, when ELISA OD >0.900 was 
considered positive, the visual reading showed more sensitivity but less 
specificity, the percentage of each analysis varying slightly from herd 
to herd. The coefficient of association was found to be 1 for all herds 
(except Herd A that showed a value of 0.95). The coefficient of 
colligation varying from 0.72 to 0.99; with a test bias value varying
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from 2.5 to 31.5 per cent.
Considering all herds together when ELISA OD >0.900 was considered as 
positive, the visual reading was more sensitive (98 per cent) but less 
specific (75 per cent), with a predictive value for negative samples of 
99 per cent', a predictive value for positive samples of 35 per cent', a 
coefficient of association of 0.98; a coefficient of colligation of 
0.84; and a test bias of 2.77 per cent.
For the chi-squared analysis, the best result of all was found in Herd
2
B, considering ELISA OD >0.600 as positive, with X =0 and p >0.99. For
all herds together the best result was obtained considering ELISA OD
2
>0.600 as positive with X -0.300 and p >0.05.
Total of Sanq>les: Considering the total of 546 serum samples collected 
from live animals and at slaughter houses in Brazil, positive results 
were obtained from 64 samples (11.8 per cent), inconclusive results from 
141 samples (25.8 per cent) and negative results from 341 samples (62.4 
per cent). Allocating the inconclusive group to positive, a total of 
205 samples gave positive result representing 37.6 per cent of samples 
in comparison with the 341 negative samples (62.4 per cent). When the 
same samples were tested by the same ELISA but using the visual reading, 
33.3 per cent of samples gave a positive result, showing a very good 
correlation between the results obtained by visual and spectrophotometry 
readings.
In this comparison the visual reading showed to be more sensitive (98 
per cent) but less specific (75 per cent) when ELISA OD >0.900 was
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considered as positive. The predictive value for negative samples was 
99 per cent, the predictive value for positive samples was 35 per cent, 
with coefficient of association of 0.99 and coefficient of colligation 
of 0.87; the test bias was found to be 2.8 per cent.
The final analysis of the results for visual and reader results are 
shown in Tables III.2.21 and III.2.22.
Table III.2.21 : RESULTS OBTAINED BY VISUAL AND READER READINGS 
CONSIDERING OD >0.600 AS POSITIVE
1
1 RESULT 
1
1 POSITIVE
1
1 NEGATIVE 
1
1 1 
1 TOTAL 1
1
1 VISUAL
1
1 182 
1
1
1 364 
1
1 1 
1 546 1
1
1 READER 
1
1 205 
1
1 341 
1
1 546 1 
1 1
1
1 TOTAL 
1
1
1 387 
1
1
1 705 
1
1 1 
1 1092 1 
1 1
with chi-squared - 2.12 (p >0.05)
RESULTS OBTAINED BY VISUAL AND READER RI 
CONSIDERING OD >0.900 AS POSITIVE
1 RESULT
1
1 POSITIVE 
1
1 NEGATIVE
1 1 
j TOTAL 1
1 1
1 VISUAL
1
1 182 
1
1 364
1 1 
1 546 1 
1 1
1 READER
1
1 64 
1
1 482 1 546 1 
1 1
1 TOTAL
1
1 246 ' 
1
1 846
1 1 
1 1092 1 
1 1
with chi-squared - 73.06 (p <0.001)
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In a general comparison, the visual reading showed to be more specific
(86 per cent) but less sensitive (66 per cent) when ELISA OD >0.600 was
considered as positive. Considering thèse OD values as positive , the
2chi-squared value was very low (X -2.12; p>0.05) showing a good
correlation between the readings, and a better predictive value of 
positive samples (74 per cent).
The data obtained in this research ^ showed an excellent correlation
between both methods of reading and proved that the ELISA can be 
performed in the field without the need of sophisticated equipments. 
The ELISA results can be determined by visual inspection of the
microtitre plates as is usually done in CF test.
oUo
The results obtained in this Chapter showed that antibodies against 
M.bovis were detected by an indirect ELISA, in live animals belonging to 
all farms studied (except for Farm C) and in samples collected at
slaughter houses (also from all herds examined). The results proved
that M.bovis was present in the bovine population studied in this 
research project, that represents the southeast region of Brazil.
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CHAPTER IV
DEVELOPMENT OF AN ENZYME-LINKED IMMUNSORBENT ASSAY FOR 
IDENTIFICATION OF Mycoplasma bovis
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CHAPTER IV
DEVELOPMENT OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY FOR 
IDENTIFICATION OF Hycaptasma bovis
The first attempt to classify Mycoplasma species by biochemical and
serological tests was described by EDWARD in 1950 (1950b). Four years
later, the same author published a review about the ' pleuropneumonia 
1»
Group, with some new observations (EDWARD, 1954). He described the 
nutritional and growth requirements of these organisms, and discussed 
the use of media enriched with horse serum, yeast extract and glucose. 
He concluded that the requirements of growth for saprophytic strains 
isolated from sewage were simpler than those of the rest of the group, 
and all other organisms in the group required media enriched with 
materials such as serum or ascitic fluid. He also described the 
morphology of these organisms as well as other properties such as 
filtrability, resistance to physical and chemical agents, and 
sensitivity to chemotherapeutic agents. He claimed that the repeated 
inoculation of rabbits with cultures of PPLO induced the formation of 
antibodies which were capable of neutralizing pathogenic strains that 
could be demonstrated by agglutinin, precipitin and complement-fixation 
reactions. The antisera were also capable of inhibiting growth of the 
homologous organisms, and the inhibition of growth was unaffected by 
heating the sera to 56°C and so was independent of complement.
EDWARD and KANAREK (1960), using the growth inhibition technique, 
postulated non-specific serological reactions when foreign serum was 
used to grow antigens for the production of hyperimmune rabbit sera.
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SMITH et al. (1966) reported that most investigators (FABRICANT, 1960; 
MOORE et al. 1960; KELTON and VAN ROEKEL, 1963; CLYDE, 1964) had 
ignored this precaution, and they confirmed the effects of culture 
medium on antigenic, structure of mycoplasmes. These observations were 
also confirmed by JORDAN and KULASEGARAM (1968), although the way in 
which this phenomenon occurred (if the protein attaches by a physical 
bond or by an enzyme-mediated reaction) was not established, but they 
claimed that the attachment appeared to be irreversible and the proteins 
were not removed by extensive washing, so that anti-medium antibodies 
would be produced if animals were inoculated with the washed antigens. 
Furthermore, adsorbed proteins would also mask antigenic determinants 
and so reduce the specific reactivity of the antigen.
Since then, several different techniques have been described for the 
isolation and classification of Mycoplasmatales. In 1967, FABRICANT and 
FREUNDT published a paper about the standardization of laboratory tests 
for the identification and classification of Mycoplasma. A review of 
these techniques was made by AL-AUBAIDI and FABRICANT in 1971 (1971a),
and 166 isolates were tested for glucose fermentation, tétrazolium
<1
reduction, arginine decarboxylation and film and spots reactions, and 
then serologically identified. However they concluded that not all of 
the characterization procedures used were of equal value in 
differentiating of the bovine mycoplasmes and some characteristics were 
apparently variable within a given serotype.
The most common tests employed for identification of Mycoplasmatales are 
growth inhibition (BAILEY et al. 1963), tétrazolium reduction (JENSEN, 
1964; SENTERFIT and JENSEN, 1966), latex agglutination reaction (MORTON,
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1966), colour test (PURCELL et al. 1966a, 1966b; TAYLOR-ROBINSON et al. 
1966), metabolic inhibition (PURCELL et al. 1967), polyacrylamide-gel 
electrophoresis (RAZIN and ROTTEM, 1967), immunofluorescence (AL-AUBAIDI 
and FABRICANT, 1971b), double immunodiffusion and growth precipitation 
(ERN(j) and JURMANOVA, 1973), indirect hemagglutination (CHO et al. 1976), 
arginine deiminase (FENSKE and KENNY, 1976), radial growth precipitation 
(HOWARD et al. 1976) and film and spots inhibition (THORNS and BOUGHTON, 
1978).
In 1983 TULLY published a review of the general cultivation techniques 
for Mycoplasma and Spiroplasma. More sophisticated techniques have 
since been described for Mycoplasmatales classification, such as 
electrophoretic analysis of isoenzymes (SALIH et al. 1983), ELISA and 
immunoblotting (KANYI KIBE et al. 1985; YOUNG and ROSS, 1987), 
immunob inding (KOTANI and McGARRITY, 1985), and indirect 
immunoperoxidase (IMADA et al. 1987).
In this Chapter, ELISA tests were used to identify Mycoplasmatales 
(mainly M.bovis) obtained from primary cultivation in E broth and 
Mo re dun broth, in an attempt to find a quicker and easier way to 
identify mycoplasmes isolated from field materials. The following 
experiments were set up to cover different aspects of the technique:
IV. 1. USE OF HOMOLOGOUS RABBIT AMTISERUM
The usefulness of rabbit antisera for identification of M.bovis cultures 
in E broth was tested. The antisera were produced by the inoculation in 
rabbits of M.bovis (grown in E broth and prepared as a whole-cell
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antigen) and the specificity of the test was estimated.
IV.2. USE OF BOVINE SERUM POSITIVE FOR M.bovis
To avoid the occurrence of nonspecific reactions due to the presence of 
antibodies produced against protein of the medium when rabbit antisera 
are used, this experiment was carried out using bovine positive 
reference serum for M.bovis (in CFT and DFIT).
IV. 3. USE OF CHICKEN ANTISERA
To perform this experiment, M.bovis, M.bovigenitalium, M. canadiense, 
M.califoimicwn, M.dispar and M.bovirhinis whole-cell antigens were used 
to produce hyperimmune sera in chickens. The organisms were grown in E 
broth and the proper ELISA test was developed using M.bovis and 
M.bovirhinis positive cultures grown in Moredun broth (Appendix 1.4). 
In that way, the production of nonspecific reactions by the presence of 
anti-protein antibodies might be diminished.
The aim of these experiments was to prevent nonspecific reactions and 
consequently false results in the ELISA test. The adsorption of serum- 
protein components from the growth medium to mycoplasma membranes was 
reported in 1960 by EDWARD and KANAREK. In 1966, SMITH et al. using 
growth inhibition test, showed that washing M.gallisepticum three times 
did not prevent the inhibition of growth of these organisms by rabbit 
antisera against the medium in which the organisms had been grown. 
These findings were confirmed by JORDAN and KULASEGARAM (1968), BRADBURY 
and JORDAN (1972) and MASOVER et al. (1975) (the last being in
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T-mycoplasmas). In 1980, THORNS and BOUGHTON described the adsorption 
of serum proteins from the culture medium to M.bovis antigens, and 
claimed that the number and type of proteins depended on the serum used 
in the medium, and the presence of serum proteins in the antigens 
changed-rtveiV specific reactivity in serological tests.
IV. 4. DEVELOPMENT OF A SANDWICH ELISA FOR IDENTIFICATION OF 
Mycoplasmatales
The introduction of a double modified sandwich ELISA was carried out in 
an attempt to find a more sensitive and specific test for mycoplasma 
identification. The test was performed using a pooled positive bovine 
field serum for M.bovis as a "capture" for antigen present in E and 
Moredun broth, inoculated with M.bovis. The experiment was divided into 
two sections: 1) using a specific chicken antiserum and 2) using a
specific rabbit antiserum,as a second antibody. The specificity of the 
test was checked by using cultures of other mycoplasmas to perform the 
test, as well as uninoculated E and Moredun broth as controls.
IV. 5. USE OF DIFFERENT BUFFERS OR REAGENTS FOR ANTIGEN AND ANTISERUM 
DILDTION
To improve the sensitivity of the ELISA test, several buffers and 
reagents were tried for antigen and antiserum dilution. The need to use 
centrifuged and washed antigen was tested,as well as the best way to 
inactivate the organisms, either by osmotic rupture (by washing in CBB 
and NaCl - as they do not have cell wall they are easily disrupted by 
centrifugation and changes in osmotic pressure)^ or by heating at 60°C
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for 30 min in a water bath.
IV. 6. USE OF AQUEOUS PHENOL EXTRACT OF ANTIGEN FOR ELISA
The presence of nonspecific reactions when whole-cell antigens are used 
to perform ELISA test is a reality. In the previous experiments, it was 
clear that the sonicated antigen showed the best results when used to 
coat microtitre plates. So an attempt to purify the antigen used for 
mycoplasma typing was done by the hot aqueous phenol method as normally 
used for purification of bacteria. The product was used to coat 
microtitre plates for indirect and sandwich ELISAs.
IV.7. COMPARISON OF ELISA WITH INDIRECT IMMDNOPEROXIDASE TEST
The technique described by IMADA et at. (1987) was employed for 
identification of M.bovis, M. califomicum, M.bovirhinis and A.laidlawii 
using a) small filter paper discs and b) drops from a Pasteur pipette. 
The specificity of the test was estimated by testing heterologous sera 
in each test.
The results were compared with those obtained in the ELISA in relation 
to the time needed to perform the test, ease of performace, the 
specificity and sensitivity, and the reading and interpretation of the 
results.
IV. 8. COMPARISŒï OF EUSA WITH DISC FILM INHIBITION TEST
One of the most common tests used for Mycoplasmatales identification is
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growth inhibition as described by CLYDE (1964) and its extension, the 
disc film • inhibition test (THORNS and BOUGHTON, 1978) that is used 
|)ar'Kc4<vta.rly for M.bovis characterization. These tests are easy to 
perform but need specific hyperimmune sera raised in laboratory animals 
(usually rabbits) for growth inhibition, or large amounts of field 
positive sera (as the sera is used undiluted to fill up the wells or 
impregnate the discs) for film inhibition, as well as at least 72 hours 
incubation at 37°C to allow the growth of the organisms and the 
formation of the inhibition zones by the homologous sera.
The proper technique, the time needed to perform the test and the 
specificity of DFIT were compared with the same parameters in the 
indirect ELISA.
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MATERIALS AND METHODS 
IV.1. USE OF HOMOLOGOUS RABBIT ANTISERUM
The same indirect ELISA as described on Chapter 2, Experiment 2, was 
performed in an attempt to identify positive cultures of M.bovis, 
directly from E broth and Moredun broth. The M.bovis strain used for 
this purpose was strain 5B252 (from the CVL culture collection), which 
is the strain used for routine CFT antigen. The same strain was used to 
produce the whole-cell antigen to immunize adult New Zealand rabbits 
(production of antisera in rabbits is described on Chapter 1).
The ELISA test was performed essentially as described before, using 
M.bovis cultured in E broth and Moredun broth. When turbidity was 
detected in E broth and Moredun broth (usually after 48 hours incubation 
at 37°C) different dilutions (from neat to 1/2048) of the positive 
culture were prepared,using E broth and Moredun broth respectively, and 
used to coat microtitre plates overnight at 4°C. The following steps of 
the test were carried out exactly as already described (Chapter Z, 
Experiment 2), but a goat anti-rabbit HRP conjugate was used at its 
working dilution (1/4000 in PBST).
To study the specificity of the test, control wells containing 
uninoculated medium (E broth or Moredun broth) and all other reagents 
were included in all tests. The results were obtained by subtraction of 
the control OD (uninoculated medium wells) from the crude OD (wells 
containing positive cultures of M.bovis), and these were called net OD.
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The results were obtained by checkerboard titration, using the rabbit 
antisera diluted from 1/10 to 1/1280 in PBST.
IV.2. USE OF BOVINE SERUM POSITIVE FOR M.bovis
An attempt to avoid nonspecific reactions due to the presence of 
antibodies produced against the culture medium when laboratory animals 
were used for hyperimmune sera production, a bovine positive serum was 
used to perform the ELISA test. It was the same positive reference 
serum as used in Chapter 2, Experiment X. Positive cultures of M.bovis 
grown on E broth and Moredun broth were used to coat microtitre plates 
diluted from neat to 1/2048 in E broth and Moredun broth. Titrations 
were done using the checkerboard technique with positive reference serum 
diluted from 1/10 to 1/1280 (in PBST). Control wells were included in 
all plates as described before, using uninoculated E broth and Moredun 
broth. The results were expressed in the same way as for Experiment 1, 
and the test was performed using rabbit anti-bovine HRP conjugate at its 
working dilution of 1/4000 (in PBST).
IV. 3. USE OF CHICKEN ANTISERA
As previously discussed the adsorption of serum protein components from 
the growth medium to mycoplasma membranes can lead to the occurrence of 
nonspecific reactions. An attempt was made to use chicken antisera 
produced by the inoculation of Mycoplasma strains grown on E broth to 
identify positive cultures of M.bovis, M.bovigenitalium, M.canadense, 
M. califomicxm, M.bovirhinis and M.dispar.
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rv. 3. a) Antigen Preparation
The whole-cell mycoplasma antigens were prepared from the same strains 
described for CFT antigen preparation and essentially as described in 
Chapter 1, using E broth to propagate the organisms. The antigens were 
resuspended in normal saline and adjusted to McFarland tube 10.
IV.3.b) Chicken Antisera Production
Adult White Leghorn chickens were used in this experiment for the 
production of specific antisera against M,bovis, dispar y
M,bovigenitalium, fl,canadense, M, califoimicum and M.bovirhinis. The 
chicken were inoculated by the intravenous route with 1ml of the antigen 
suspension, using 2 doses per week (i.e. at 3 to 4 day interval). 
Increasing doses from 1 to 5ml were used, in 1ml steps. The chickens 
were anaesthetised with Pentobarbitone Sodium BP (‘Expirai*-Ceva Ltd, 
Watford, Herts) at 200mg/ml (i.e. in a 1:3 dilution), and were finally 
bled out by heart puncture, 3 weeks after the last dose of antigen.
IV.3.c) Proper Indirect ELISA Test
The same indirect ELISA test was used to perform this experiment (as 
described in Chapter 2, Experiment 2). Plates were coated with positive 
cultures of mycoplasmas grown in Moredun broth (for 48 hours at 37°C), 
diluted from neat to 1/2048 in Moredun broth. Checkerboard titrations 
were carried out using specific chicken serum diluted in PBST from 1/10 
to 1/1280. The conjugate used was a rabbit anti-chicken HRPO conjugate 
diluted at 1/7000 (in PBST). The results were expressed as crude CD,
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control OD and net OD as previously described (Experiment 1 and 2).
In this experiment, the specificity of the test was studied by using 
specific chicken antiserum against M.bovis in plates coated with all the 
other mycoplasma species described.
IV. 4. DEVELOPMENT OF A SANDWICH ELISA FOR IDENTIFICATION OF 
Mycoplasmatales
Proper Double Sandwich ELISA test:
A modified double sandwich ELISA test was employed in this experiment, 
in an attempt to increase the sensitivity of the test. Checkerboard 
titrations were performed as follows :
The test was carried out by coating microtitre ELISA plates with 
positive bovine field serum for M,bovis from 1/10 to 1/1280 dilution (in 
PBST). The plates were kept at 4°C overnight. The following morning 
they were washed three times in PBST. Dilutions from positive cultures 
of the mycoplasmas listed elsewhere were prepared from neat to 1/2048 
(in E or Moredun broth), and 100 1^ of each dilution was placed in each 
column of a microtitre plate. The plates were incubated at 37°C for 2 
hours, then washed three times in PBST. The same procedures of washing 
and drying the plates as described elsewhere were followed during all 
steps. The second antisera were then added (100 /il for each well); they 
were 1) a specific chicken antiserum in one set of experiments and 2) a 
specific rabbit antiserum in another set of experiments and both were 
used at 1/320 and 1/640 dilutions. Plates were incubated at 37^C for 1 
hour. Following this, the specific conjugate (rabbit anti-chicken HRP
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at 1/7000 in PBST or goat anti-rabbit HRP at 1/4000 in PBST) was added 
(100 /il per well), and the plate incubated for 90 min at 37°C. The 
substrate was then added (100 /il per well) and after 10 min (plates kept 
at room temperature in the dark) the enzymatic reaction was stopped with 
30 /il of 2.5M HgSO^. The results were obtained as OD using the ELISA 
reader (490nm).
The specificity of the test was studied in the same way as described for 
the indirect ELISA test, using uninoculated media as control as well.
IV.5. USE OF DIFFERENT BUFFERS OR REAGENTS FOR ANTIGEN AND ANTISERUM 
DILUTION
The aim of this experiment was to find a better buffer (or reagent) to 
dilute the antigen (or antiserum), to improve the sensitivity of the 
ELISA test. With this purpose, different buffers or reagents, isolated 
or in combination, were tested using the ELISA test essentially as 
described previously.
To dilute the antigen, the following reagents were tested (alone or in 
combination with other substances) (List IV.4.1)
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List IV.4.1 : Reagents used for antigen dilution
REAGENT IN COMBINATION WITH
Carbonate Bicarbonate Buffer
Acetone
0.25M NaCl
0.01 per cent merthiolate
0.5 per cent formaldehyde
alone
1/2 in D.W.
IM HCl 
0.25M NaCl 
5M NaOH 
2.5M HgSO,
5 per cent "Lysol" 
acetone
propylene glycol 
0.01 per cent merthiolate 
0.01 per cent merthiolate plus 
0.25M NaCl 
0.01 per cent merthiolate plus 
IM HCl
3 per cent BSA plus 0.5 per cent 
Tween 20
neat, 1/2, 1/4 in D.W.
IM HCl (neat, 1/2, 1/4 in D.W.) 
0.25M NaCl (neat, 1/2, 1/4 in 
D.W.)
1 per cent phenol 
0.5 per cent formaldehyde 
0.01 per cent merthiolate 
0.01 per cent merthiolate plus 
IM HCl 
5 per cent "Lysol"
5 per cent "Lysol" plus 0.01 per 
cent merthiolate 
5 per cent "Lysol" plus 0.1 per 
cent merthiolate plus IM HCl
alone
0.5 per cent Tween 20 
0.01 per cent merthiolate 
0.01 per cent merthiolate plus 
3 per cent BSA
alone 
IM HCl
5 per cent "Lysol"
neat, 1/2, 1/4 in D.W.
1 per cent phenol (neat, 1/2,
1/4 in D.W.)
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Continued
REAGENT
1
1 IN COMBINATION WITH 
1
5M NaOH
1
1 alone
2.5M H.SO. 1 alone
IM HCl 1 alone
5 per cent "Lysol" 1 neat, 1/2, 1/4 in D.W.
propylene glycol I neat, 1/2, 1/4 in D.W.
1 per cent phenol 1 neat, 1/2, 1/4 in D.W.
E broth
1
1 used to dilute antiserum as well
Moredun broth 1 used to dilute antiserum as well
The combinations of different buffers and reagents were done in an 
attempt to find the best pH to coat the plates with antigen, as well as 
a substance that could alter the osmotic pressure of the solution and 
release the internal antigenic compounds from M.bovis cells, and in 
addition, could kill the live organisms, to avoid the need to heat all
cultures at 56°C for 30 min before performing the test. The use of such
a large range of substances was due to the lack of success of each one 
previously tried.
It is important to specify that all Mycoplasmatales used to perform
Experimental, 2, 3 and 4 were killed by heating at 56°C for 30 min,
before being used to coat microtitre plates.
IV. 6. USE OF AQUEOUS PHENOL EXTRACT OF ANTIGEN FC» ELISA
The possibility of using a more purified antigen was also tried, using a 
modified Westphal method (WESTPHAL et al. 1952) normally used for 
polysaccharide extraction from bacteria, as follows:
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Hot aqueous phenol method;
M.bovis (BR137), M.bovirhinis (8B86), M.dispar (NCTC10125), 
M.bovigenitalium (6B935), M.canadense (7B587) and M.californicum 
(6B1083) strains were grown in 20ml amounts of E and Moredun broth, for 
72 hours at 37°C. A 90 per cent aqueous solution of phenol was added in 
5ml aliquots to each tube. The samples were heated at 68°C for 30 min, 
stirring continuously. They were then allowed to cool down. The 
samples were centrifuged at 4,078g for 30 min. The supernatant was 
removed and the pellets resuspended in 2ml of 20 per cent sodium acetate 
followed by 5 volumes of absolute ethanol. The tubes were left at 4°C 
overnight. The following morning ^ the suspensions were centrifuged at 
4,078g for 30 min, the supernatant was discarded and the pellets were 
resuspended with 2 to 3ml of sterile distilled water. The product was 
then dialysed in 2 changes of distilled water. The extract was used to 
coat microtitre plates for ELISA test (indirect and sandwich methods)."
IV.7. COMPARISON OF ELISA WITH INDIRECT INMDNOPEROXIDASE TEST
The reliability °ian indirect immunoperoxidase test (IPT) for 
Mycoplasmatales identification was tested, employing the same reagents 
as described for the ELISA test. The test was performed as described by 
IMADA et al. (1987) using filter paper discs, and a second version was 
tried using drops -^ from a Pasteur pipette directly placed on a streak of 
Mycoplasmatales as follows:
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IV. 7. a) Mycoplasmatales :
Strains of M.bovis (BR 137), M. californicum (3B50), M.bovirhinis (8B 86) 
and A.laidlawii (8M 1601) were grown in E broth for 48 hours at 37°C. E 
plates were then inoculated with the cultures, using a) the running drop 
technique, and b) the spreading method, and incubated for 72 hours at 
37°C in a 5 per cent atmosphere of CO^ . An attempt was done to culture 
all four mycoplasma species on one E plate (running drop technique) to 
save time and medium.
IV.7.b) Antisera :
All antisera were prepared in adult albino rabbits, by immunization with 
each whole-cell antigen, as described before. The antiserum was stored 
at -20°C until used, divided in 0.1 aliquots.
IV.7.c) Conjugate :
The same commercially available goat anti-rabbit HRP conjugate as used 
for ELISA tests was used to perform this experiment. Different 
dilutions of conjugate were used to find the working dilution for the 
test.
IV.7.d) Developing solution :
OPD substrate was employed to produce the enzymatic reaction, as 
described previosly for ELISA tests.
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IV.7.e) Indirect filter paper IPT :
The reactions were performed directly on E plates, using 72-hour 
cultures of the previously described mycoplasma species. Antiserum 
specific for each mycoplasma species was diluted in PBST. Small filter 
paper discs were saturated with diluted antiserum (from 1/20 to 1/320) 
and placed on colonies grown on E plates. The plates were incubated at 
37°C for 1 hour in 5 per cent CO^  and the filter paper discs were 
removed with forceps (flamed and cooled). Filter paper discs saturated 
with conjugate (diluted from 1/250 to 1/4000 in PBST) were placed on the 
same spot where antiserum had been placed. After incubation at 37°C in 
a 5 per cent CO  ^ atmosphere, for 1 hour, the filter paper discs were 
removed and the unbound conjugate was washed away with PBST. The 
developing solution was then poured on the agar plate and incubated for 
15 min at room temperature. The agar surface was rinsed with PBST and 
the colonies were examined under a microscope for staining 
visualization. A brown colour was regarded as a positive reaction.
IV.7.f) IPT using drops from a Pasteur pipette :
The same procedure as described for the filter-paper disc was used, but 
antiserum and conjugate were placed directly on the agar surface instead 
of using filter paper discs. The agar surface had been previously 
marked with a pen around the colonies, and a drop from a Pasteur pipette 
was carefully placed on the agar surface.
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IV.7.g) Interpretation :
The IPT was performed using homologous and heterologous rabbit antisera 
to study cross-reactions between mycoplasma species, and the results 
were compared with those obtained by ELISA, DFIT and GIT.
IV.8. COMPARISON OF ELISA WITH DISC FILM INHIBITION TEST
The results achieved using the ELISA techniques for M.bovis 
identification were compared with those obtained by the use of DFIT. 
The parameters used in the comparison were: the time spent to perform 
the test and to obtain the results; the practicability of the test, the 
amount of antigen and antisera needed to finalise the test, the reading 
facilities, the automatization of the test for a great number of 
samples, and the specificity and sensitivity of the test.
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RESULTS AND DISCUSSION 
IV. 1. USE OF HOMOLOGOUS RABBIT ANTISERUM
The indirect ELISA test described previously was used for typing M.bovis 
from positive cultures (grown in E and Moredun broth for 24 to 144 hours 
at 37°C). The antiserum used was a rabbit antiserum produced against 
the M.bovis strain to be tested (5B252). Rabbit antiserum was diluted 
in PBST from 1/10 to 1/1280. The conjugate was the goat anti-rabbit HRP 
described previously, diluted at 1/4000. The M.bovis cultures were 
diluted from neat to 1/32 in CBB and used to coat microtitre plates 
overnight at 4°C. All other steps of the test were followed essentially 
as already stated. Controls were of uninoculated medium treated in the 
same way as for test samples.
The best results were obtained when a 96 hr E broth culture (neat) and a 
48 hr Moredun culture (neat) were used, and rabbit antiserum was diluted 
at 1/80 and 1/40 respectively (Tables IV. 1.1 and IV. 1.2). As 
illustrated in the results, as the dilutions of antigen got higher, the 
OD values increased. On the other hand, the difference between the OD 
values of the test samples (inoculated medium) and the control 
(uninoculated medium) tend to diminish to a point where uninoculated 
medium gave higher results. An attempt was made to maintain the same pH 
in all dilutions (with 5M NaOH) and to dilute CBB in distilled water 
before (1/2 to 1/16) diluting the antigen, but without any improvement 
in the sensitivity.
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Table IV. 1.1: ELISA RESULTS FOR A 96 HOURS M.bovis CULTURE
GROWN IN E BROTH
1 ANTIGEN DILUTION
I RABBIT ANTISERUM 
1 DILUTION
[neat 1/2 1/4 1/8 1/16 1/32 1
1 1/40
test
control
11.428
11.032
1.423
1.125
1.411
1.089
1.404
1.229
1.438
1.385
1.4371
1.4161
1 1/80
test
control
11.384
10.929
1.319
0.967
1.251
1.004
1.276
1.112
1.370
1.351
1.4641
1.4551
1 1/160
test
control
11.225
10.820
1.114
0.872
1.208
0.971
1.255
1.049
1.326
1.239
1.5111
1.3591
1 1/320
test
control
11.026
10.618
1.018
0.652
1.042
0.749
1.150
0.892
1.243
1.092
1.3711
1.2081
Table IV. 1.2: ELISA RESULTS FOR A 48 HOURS M.bovis CULTURE
GROWN IN MOREDUN BROTH
ANTIGEN DILUTION
1 RABBIT ANTISERUM^"^^^^ 
1 DILUTION
neat 1/2 1/4 1/8 1/16 1/32 1
1 1/40
test
control
>1.999
1.263
>1.999
1.767
>1.999
>1.999
>1.999
>1.990
>1.999
>1.999
>1.999|
>1.999]
1 1/80
test
control
1.747
0.684
0.844
0.942
1.940
>1.999
>1.999
>1.999
>1.999
1.771
>1.999]
>1.999]
1 1/160
test
control
1.006
0.451
1.033
0.551
1.226
1.512
1.601
1.828
1.758
1.394
>1.999]
>1.999]
1 1/320
test
control
0.594
0.233
0.546
0.330
0.715
0.957
0.833
1.244
0.975
0.939
1.324]
>1.999]
319
In another set of tests, rabbit antiserum was diluted in E or Moredun 
broth (depending upon in which medium the positive culture was grown), 
in an attempt to reduce background readings due to the attachment of 
antibody raised against medium proteins. On the basis of the same 
principle as for a competition ELISA, antibodies to proteins present in 
rabbit antiserum would couple with medium proteins (used to dilute the 
antiserum) and the complex be washed off the plate in a washing step.
The best results were obtained using a 72 hours undiluted culture 
(either grown in E or Moredun broth), and rabbit antiserum diluted 1/20 
and 1/40 respectively (as shown in Tables IV. 1.3 and IV. 1.4), but they 
were not better than those results obtained when antiserum was diluted 
in PBST.
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Table IV. 1.3: ELISA RESULTS FOR M.bovis CULTURE GROWN IN E BROTH FOR
72 HOURS USING ANTISERUM DILUTED IN E BROTH
ANTIGEN DILUTION
1
1
1 RABBIT ANTISERUM""'-^ -^ ^^  ^
1 DILUTION
1
1 neat 
1
1/2 1/4 1/8 1/16 1/32 (
1 1/20
test
control
1
11.099
10.794
0.786
0.694
0.726
0.669
0.684
0.621
0.789
0.674
0.753(
1.009(
1 1/40
test
control
1
10.649
jO.505
1
0.489
0.443
0.426
0.214
0.446
0.229
0.479
0.299
0.467(
0.336(
1 1/80
test
control
1
(0.401
(0.305
1
0.274
0.244
0.263
0.228
0.281
0.256
0.302
0.243
0.321(
0.292(
1 1/160
test
control
1
(0.299
(0.222
1
0.252
0.169
0.246
0.171
0.243
0.202
0.273
0.175
0.288(
0.196(
Table IV. 1.4: ELISA RESULTS FOR M.bovis CULTURE GROWN IN MOREDUN BROTH 
FOR 72 HOURS USING ANTISERUM DILUTED IN MOREDUN BROTH
ANTIGEN DILUTION
1
1
( RABBIT ANTISERIM'^^-.^^ 
1 DILUTION
1
(neat
1
1/2 1/4 1/8 1/16 1/32 1
( 1/20
test
control
1
(0.286
(0.263
0.220
0.335
0.312
0.375
0.285
0.365
0.408
0.383
1.107(
0.469(
1 1/40
test
control
1
(0.159
(0.125
1
0.176
0.161
0.183
0.129
0.258
0.199
0.243
0.232
0.324(
0.394(
1 1/80
test
control
1
(0.148
(0.132
1
0.144
0.136
0.133
0.144
0.151
0.220
0.222
0.271
0.165(
1.653(
( 1/160
test
control
1
(0.226
(0.166
1
0.130
0.189
0.135
0.193
0.163
0.377
0.207
0.192
0.544(
0.345(
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IV.2. USE OF BOVINE SERUM POSITIVE FOR M.bovis
The same ELISA test was carried out in this experiment, using the 
positive reference serum already described. The best results obtained 
in this experiment were from 72 hours cultures (grown in either E broth 
or Moredun broth). In both media, the best results were achieved using 
the antigen undiluted and the bovine serum diluted at 1/10 and 1/20 
respectively (Tables IV.2.1 and IV.2.2).
Controls used in this experiment were the same as already described in 
Experiment 1.
An increase in OD values was observed as the dilutions increased, as 
shown when rabbit antiserum was used. Attempts to maintain the same pH 
through the dilutions and to dilute CBB in distilled water (1/2 to 1/16) 
did not improve the results.
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Table IV.2.1: ELISA RESULTS FOR H.lxwis CULTURE GROWN IN
E BROTH FOR 72 HOURS
ANTIGEN DILUTION
i BOVINE SERUM 
1 DILUTION
(neat 1/2 1/4 1/8 1/16 1/32 1
1 1/10
test
control
11.753
10.937
1.752
1.424
1.990
1.555
1.926
1.679
>1.999
1.843
1.906( 
>1.999(
1 1/20
test
control
11.569
(0.847
1.599
1.274
1.707
1.310
1.829
1.424
1.843
1.635
1.757(
1.7531
1 1/40
test
control
(1.282
(0.673
1.345
1.081
1.383
1.067
1.584
1.228
1.652
1.375
1.615(
1.5111
1 1/80
test
control
(0.973
(0.502
1.101
0.775
1.226
0.851
1.248
0.982
1.309
1.107
1.309( 
1.287(
1 1/160
test
control
(0.756
(0.370
0.882
0.605
0.938
0.636
0.952
0.698
1.092
0.873
1.076( 
1.012(
Table IV.2.2: ELISA RESULTS FOR M.bovis CULTURE GROWN IN 
MOREDUN BROTH FOR 72 HOURS
ANTIGEN DILUTION
1
11
( BOVINE SERUM 
j DILUTION
1
|neat
1
1/2 1/4 1/8 1/16 1/92 (
( 1/10
test
control
(1.385
(0.897
1
1.167
1.052
1.576
1.243
1.662
1.275
1.589
1.378
1.683(
1.679(
( 1/20
test
control
(1.321
(0.762
1
1.184
0.920
1.309
1.047
1.333
1.107
1.476
1.186
1.397( 
1.423(
( 1/40
test
control
(1.217
(0.686
1
1.041
0.835
1.174
0.974
1.166
1.048
1.219
1.049
1.521(
1.246(
( 1/80
test
control
(1.103
(0.589
1
0.994
0.742
0.921
0.844
1.026
0.872
1.102
0.949
1.078(
1.167(
( 1/160
test
control
(0.796
(0.495
1
0.776
0.677
0.952
0.761
0.985
0.784
1.041
0.881
1.115(
1.202(
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IV.3. USE OF CHICKEN ANTISERA
An indirect ELISA was carried out for M.bovis identification using 
chicken antiserum. Cultures of M.bovis and M.bovirhinis (grown in 
Moredun broth for 72 hours) were used to coat microtitre plates. The 
test was performed essentially as described on Chapter II. Chicken 
antiserum was diluted from 1/10 to 1/1280 in PBST. The antigens were 
used undiluted and diluted from 1/2 to 1/2048 in CBB.
The results obtained showed some specificity when M.bovis and 
M.bovirhinis antigens (grown in Moredun broth) were tested against 
positive M.bovis chicken antiserum. The best dilution of chicken 
antiserum was 1/40 and antigen could be used either undiluted or in 1/2 
dilution (Table IV.3.1).
The usefulness of a chicken antiserum was checked by coating microtitre 
plates with the same M.bovis antigen as used for serodiagnosis (Chapter 
II), using homologous and heterologous chicken antisera for M.bovis 
identification. The sonicated M.bovis antigen was used at its working 
dilution (1/550) and the test was performed with chicken antisera 
raised against M.bovis, M.bovirhinis, M. califomiciun, M.bovigenitalium, 
M.canadense and M. dispar y LThe test proved to be more specific when 
chicken antiserum was used diluted at 1/640 (Table IV.3.2). Serum plus 
conjugate and substrate was used in every test as a control (background 
readings).
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Table IV.3.1: SPECIFICITY OF THE INDIRECT ELISA USING CHICKEN ANTISERA
1 CHICKEN ANTISERl 
1 DILUTION
ANTIGEN DILUTION
1
1
1
(neat
1
J
1/2 1/4 1/8 1
1/10 11.058 1.245 0.968 1.0411
1 M.bovis 1/20 11.345 1.434 1.370 1.1991
1/40 11.510 1.498 1.452 1.3141
1/80 11.531
1
1.369 1.217 1.1991
1/10 10.964 0.896 0.931 0.8941
1 M.bovirhinis 1/20 11.038 1.009 1.036 1.0641
1/40 11.146 1.282 1.355 1.3041
1/80 11.222
1
1.274 1.289 1.2761
Table IV.3.2: ELISA RESULTS USING HOMOLOGOUS AND 
HETEROLOGOUS CHICKEN ANTISERA
1 CHICKEN ANTISERUM 
1 DILUTION ... . .
1/16011/32011/6401
1
1 Mycoplasma bovis 
1 Serum control
2.497|2.406|2.141| 
0.714|1.106|0.522| 
1 1 1
1 Mycoplasma bovigenitalium 
1 Serum control
2.197|1.867|1.365| 
0.822|1.070|0.553| 
1 1 1
1 Mycoplasma canadense 
1 Serum control
1.740|1.401|1.0081 
0.524|0.383|0.247| 
1 1 1
1 Mycoplasma dispar 
1 Serum control
2.007|1.71611.3511 
1.016|0.456|0.286|
1 Mycoplasma bovirhinis 
I Serum control
2.22911.82111.2701 
0.382|0.472|0.209| 
1 1 1
1 Mycoplasma califomicum 
1 Serum control
2.042|1.661|1.2141 
0.345|0.236|0.270| 
1 1 _ 1
M.bovis : sonicated antigen diluted 1/550 
Other Mycoplasma species : antigen undiluted
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Comparing the data obtained in experiments IV. 1, IV, 2 and IV. 3 it was 
clear that the best results were found when bovine positive serum was 
used to perform the test; the serum being diluted at 1/10 and 1/20 when 
antigen was grown in E broth and Moredun broth respectively. The use of 
bovine positive serum for M.bovis eliminated the problem of background 
readings occurring by -n(Specific adsorption of medium proteins to the 
microtitre plate wells. However, this result indicates that if the 
indirect ELISA is to be used in a routine basis for mycoplasmas 
identification, a large range of positive bovine serum (for each 
Mycoplasma and Acholeplasma species) must be available.
IV. 4. DEVELOPMENT OF A SANDWICH ELISA FOR IDENTIFICATION OF 
flycoplasmatdles
Positive cultures of M.bovis and M.bovirhinis (grown for 24 and 48 hours 
at 37°C in E broth) were used in a sandwich ELISA. Bovine serum 
positive for M.bovis was used to coat micro titre plates overnight at 
4°C, diluted in PBST from 1/40 to 1/1280. The antigens were added 
undiluted and diluted 1/2 in CBB. A rabbit antiserum was used as a 
second antibody, diluted in PBST at 1/320. The best results were 
obtained with bovine serum diluted at 1/320 and 1/640 against undiluted 
48 hr growth antigen (Table IV.4.1). The same sandwich ELISA was 
repeated but this time the second antibody used was a chicken antiserum 
positive for M.bovis diluted at 1/320 in PBST. The best results were 
obtained with bovine serum diluted 1/80 and 1/160 using undiluted 
antigens (Table IV.4.2).
In another set of tests, M.bovis and M.bovirhinis were grown in E and
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Moredun broth for 72 hours at 37°C. A sandwich ELISA was carried out 
using bovine serum positive for M.bovis (diluted from 1/10 to 1/1280 in 
PBST) to coat microtitre plates overnight. The second antibody used was 
a chicken antiserum positive for M.bovis (diluted at 1/320 in PBST). 
The best results were obtained with undiluted antigens from E broth or 
Moredun broth antigen diluted l/2Q(Table IV.4.3).
A sandwich ELISA was carried out using chicken antiserum to coat the 
plates (diluted from 1/160 to 1/5120 in PBST) and rabbit antiserum as a 
second antibody (diluted from 1/160 to 1/1280). In this set of tests, 
the specificity of the sandwich ELISA was studied using M.bovis and 
M. califomicum strains grown in Moredun broth for 72 hours. In one set 
of tests, microtitre plates were coated with chicken antiserum positive 
for M.bovis, a culture of M.bovis was added, followed by and the second 
antibody, rabbit antiserum also positive for M.bovis. The best results 
were obtained using chicken antiserum and rabbit antiserum diluted at 
1/160. The same test was repeated using M. califomicum culture and 
positive chicken and rabbit antisenam for M. califomicum. The test 
showed better results again with chicken and rabbit antiserum diluted 
1/160 (Table IV.4.4).
Finally the specificity of the test was checked in two sets of tests. 
Firstly microtitre plates were coated with chicken antiserum positive 
for M.bovis. A culture of M. califomicum was used and a rabbit 
antiserum positive for M.bovis was added. The test was repeated using 
chicken antiserum positive for M. califomicum to coat microtitre plates 
followed by the addition of M.bovis culture and a rabbit antiserum 
positive for M. califomicum. No good result was obtained in this
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particular test. OD values were higher when heterologous sera were 
used.
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Table IV.4.1: SANDWICH ELISA FOR M.bovis IDENTIFICATION USING RABBIT
ANTISERUM AS A SECOND ANTIBODY
1 BOVINE SERUM DILUTED AT 1/320 1/640 1
1 ANTIGEN DILUTION
neat 1/2 neat 1/2 1
1 Mycoplasmatales
-
1 Mycoplasmatales bovis 1.516 1.244 1.687 1.309 1
1 Mycoplasmatales bovirhinis 1.333 1.058 1.490 1.170 1
1 Uninoculated medium 0.186 0.182 0.222 0.217 1
Table IV.4.2: SANDWICH ELISA FOR M.bovis IDENTIFICATION USING 
CHICKEN ANTISERUM AS A SECOND ANTIBODY
1 BOVINE SERUM DILUTED AT 1/80 1/160 1
1 ^ A N T I G E N  DILUTION
neat 1/2 neat 1/2 1
1 Mycoplasmatales
1 Mycoplasma bovis 1.882 1.647 1.827 1.551 1
1 Mycoplasma bovirhinis 1.651 1.448 1.611 1.418 1
1 Uninoculated medium 0.758 0.700 0.666 0.656 1
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Table IV. 4.3 ‘ SANDWICH ELISA FOR H, bovis IDENTIFICATION FROM
CULTURES CROWN IN E AND MOREDUN BROTH
1 ANTIGEN 
1 DILUTION 
1
1/10 1/20 1/40 1/80 1/160 1/320 1/640 1/12801
1 M.bovis
E broth
Moredun
broth
1.870
0.818
1.819
1.127
1.917
1.055
1.747
1.043
1.898
0.986
1.837
0.986
1.835
0.948
1.753 1 
0.955 1
1 M.bovirhinis
E broth
Moredun
broth
1.531
0.851
1.542
0.929
1.699
0.921
1.540
1.012
1.611
0.892
1.552
0.905
1.497
0.928
1.606 1 
0.869 1
Table IV.4.4: SANDWICH ELISA USING RABBIT ANTISERUM AS A SECOND
ANTIBODY DILUTED AT 1/160
1 CHICKEN ANTISERUM DILUTION
1
11/160 
1
1/320 1/6401
1 Plate coated with chicken antiserum positive for 
1 M.bovis,and incubated with M.bovis
1
11.190
1
1
1.113 1.0631
I Incubated with uninoculated medium 10.901
1
0.943 0.9401
1 Plates coated with chicken antiserum positive for 
1 M, calif ornicum ,and incubated with M, califomicum
1
11.352
I
1
1.265 1.1881
1 Incubated with uninoculated medium
1
jl.189
J  _____
1.224 1.1721
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IV.5. USE OF DIFFERENT BUFFERS OR REAGENTS FOR ANTIGEN AND ANTISERUM 
DILUTION
Cultures of M.bovis (72 hours at 37°C in E broth) were used neat and 
diluted 1/2 and 1/4 in each solution to be tested. The serum used to 
carry out the experiment was the same positive pooled bovine serum as 
used as a control in the ELISA for M.bovis serodiagnosis (Chapter II), 
and it was used diluted in PBST from 1/40 to 1/320.
Out of all the combinations tested, only the following gave results 
that can be regarded as promising: a) propylene glycol (alone);
b) formaldehyde (alone); c) acetone plus HCl; d) acetone plus 
formaldehyde ; e) acetone plus "Lysol”; and f) acetone plus "Lysol" plus 
merthiolate plus HCl. However, the results obtained using solutions "a" 
and "c" were not better than those obtained with neat antigen. The most 
promising results were achieved when the antigen was diluted in: 1)
acetone alone; 2) CBB plus "Lysol" ; and 3) acetone plus "Lysol" plus 
merthiolate (Table IV.5.1).
The controls used were uninoculated E broth treated in the same way as 
for test samples.
To test the specificity of the ELISA a^ 72 hours culture of A.laidlawii 
was tested together with M.bovis. The best results were obtained when 
undiluted antigen was used and when antigen was diluted in CBB plus 
merthiolate plus HCl (Table IV.5.2).
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Table IV.5.1: ELISA RESULTS OBTAINED FROM H.txmis CULTURES
DILUTED IN DIFFERENT BUFFERS
1 BOVINE SERUM 
1 DILUTION
1
1
1
1 1 
1 1 
1 1
1
1 SOLUTION TESTED 
1
1 1/40 
1^
11/80 ]1/160
1 1 
]1/320]
i 1
I test 
I neat control 
1
1
1 1.197 
1 0.613 
-1
10.919
10.367
]0.667
]0.508
1 1 
]0.649] 
]0.229]
1
1 test 
1 acetone control 
1
1
|>1.999
|>1.999
1
11.910
11.405
]1.973 
]1.077
1 1 
]1.894] 
]0.797] 
1 1
1
1 test 
1 CBB plus "Lysol” control
1
1 1.865 
1 1.413 
1
11.817 
11.051
]1.521
]0.544
1 1 
]1.377] 
]0.471] 
1 ]
I test 
I acetone plus "Lysol" control 
1 plus merthiolate 
1
1
1 1.945 
1 1.205 
1 
1
11.725
jO.939
]1.342 
JO.839
11.154]
]0.476]
1 1 
1 1
TABLE IV.5.2: SPECIFICITY OF THE ELISA TEST FOR H.bovis IDENTIFICATION
1 ^  '— — -_.^__^OVINE SERUM DILUTION | 
1 SOLUTION TESTED '----------  |1/40 11/80 ]
1 1 
1 1 
1/160]1/320]
] 1
j neat 
1 M,bovis
test j 
control]
0.785]
0.459]
0.894]
0.391]
1 1 
0.634]0.498] 
0.320]0.190] 
1 1
1 CBB + merthiolate + HCl
test I 
controlI
1.222]
0.703]
0.916]
0.602]
1 1 
0.733]0.539] 
0.424)0.380] 
1 1
1 neat 
1 A. laidlawii
test I 
control I
0.528]
0.468]
0.440]
0.354]
1 1 
0.331]0.246] 
0.259]0.187] 
1 1
1 CBB + merthiolate + HCl
test I 
controlI
0.762]
0.843]
0.700]
0.614]
1 1 
0.571]0.448] 
0.504]0.376] 
1 1
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An attempt was made to test the specificity of the ELISA using undiluted 
M.bovis, M.bovivhinis, M. califomicum and A.laidlawii antigens (grown 
for 72 hours at 37°C in E broth). Although M.bovis cultures showed 
higher OD values than the others, the results were not good enough for 
characterization of field strains (Table IV.5.3). Some results were 
obtained when "Lysol" (diluted 1/2 in D.W.) was used to dilute M.bovis, 
M.bovirhinis and A.laidlawii antigens (Table IV.5.4).
The possibility of using a washed antigen was checked. Cultures of
M.bovis, M.bovirhinis and A.laidlawii (grown for 72 hours at 37°C in E 
broth) were centrifuged at 4.078g for 15min in three changes of CBB. 
The product was diluted in different solutions (as described previously) 
and the best results were obtained when formaldehyde or acetone plus 
formaldehyde were used as diluents. However, the OD values showed by 
M.bovis were not sufficiently higher when compared with those from the 
other Mycoplasmatales to be taken as a positive result for field samples 
(Tables IV.5.5 and IV.5.6).
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TABLE IV.5.3: SPECIFICITY OF THE INDIRECT ELISA USING UNDILUTED ANTIGEN
I Mycoplasmatales
BOVINE SERUM 
DILUTION
1
1
1
1
11/40 1/80 1/160 1/3201
1 H,bovis
1
10.645
1
0.518 0.380 0.3101
1 M.bovivhinis
1
10.543
1
0.447 0.330 0.2621
1 H, califomicum
1
10.559
1
0.449 0.408 0.2731
1 A.laidlawii
1
10.548
1
0.476 0.389 0.3191
1 Uninoculated medium
1
10.366
1
0.289 0.221 0.1611
TABLE IV.5.4: SPECIFICITY OF THE INDIRECT ELISA USING
"LYSOL" AS DIUJENT
I Mycoplasmatales
BOVINE SERUM 
DILUTION
1
1
1
1
11/40 1/80 1/160 1/320(
1 M.bovis 11.567
1
1.288 0.939 0.703(
1 M,bovirhinis
1
(0.901
1
0.716 0.675 0.5991
1 A.laidlawii
1
(1.028
(
0.885 0.860 0.6791
j Uninoculated medium
1
(0.773
1
0.630 0.522 0.4351
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TABLE IV.5.5: SPECIFICITY OF THE INDIRECT ELISA USING 
FORMALDEHYDE AS DILUENT
BOVINE SERUM 
DILUTION
Mycoplasmatales 1/40 1/80 1/160 1/320
M.bovis >1.999 1.895 1.278 0.988
M.bovirhinis >1.999 1.780 1.182 0.879
A.laidlawii 1.373 1.021 0.729 0.572
Uninoculated medium 0.716 0.495 0.471 0.611
TABLE IV.5.6: SPECIFICITY OF THE INDIRECT ELISA USING 
ACETONE PLUS FORMALDEHYDE AS DILUENT
i Mycoplasmatales
BOVINE SERUM 
DILUTION
1
1
1
1 1/40 1/80 1/160 1/3201
1 M.bovis |>1.999
1
1.732 1.288 0.9941
1 M.bovirhinis
1
1 1.464 
1
1.020 1.129 0.5591
1 A.laidlawii
1
|>1.999
1
1.542 1.096 0.8051
I Uninoculated medium
1
1 1.079 
1
0.924 0.692 0.7121
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IV. 6. USE OF AQUEOUS PHENOL EXTRACT OF ANTIGEN FOR ELISA
The indirect ELISA described previously was used to test the usefulness 
as test antigen of an aqueous phenol extract of the crude antigen from 
different Mycoplasma species.
The ELISA was performed using chicken, bovine and/or rabbit sera, and 
the respective conjugates. Aqueous phenol extracts were prepared from 
strains grown in E and Moredun broth. Checkerboard titrations were done 
to find the best dilution of antigen and specific antiserum to carry out 
the test. Antigens were diluted in CBB, DW and PBST in one set of tests 
to find the best diluent for the antigen, and it was found to be CBB.
No very promising results were obtained from this experiment. After 
several repetitions and adjustments, the ELISA did not appear to be 
specific, and it was almost impossible to differentiate the Mycoplasma 
species tested, although the test did show some sensitivity. Neither 
chicken, bovine or rabbit sera seemed to give very specific results, and 
rabbit antiserum gave the worst results.
On Table IV.6.1 is shown the sensitivity of the indirect ELISA for 
Mycoplasma antigen detection using aqueous phenol extracts of cultures 
grown in E and Moredun broth. Plates were coated with antigen, and 
positive chicken antiserum specific against each Mycoplasma species was 
used.
The specificity of the test was assayed by testing the mycoplasma 
antigens (aqueous phenol extract) against bovine serum positive for
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M.bovis. The results are shown in Table IV.6.2. Some cross-reactivity 
is noted, mainly between M.bovis and M.bovigenitalium with very similar 
OD values obtained from cultures grown in E broth.
The indirect ELISA was also used to test the cross-reactivity between 
M.bovis and M.californicum. Both aqueous phenol extract antigens were 
diluted from 1/25 to 1/450 and the serum (bovine, positive for M.bovis) 
was diluted from 1/320 to 1/2560. In Table IV.6.3 the OD values 
obtained with M.bovis and M. califOTmicum antigen are illustrated. The 
OD values did not decrease in a linear way as expected with dilutions of 
antigen. Although the results are not very easy to interpret, it is 
possible to see some differentiation between M.bovis and M.califoimicum, 
from strains grown in either E or Moredun broth, but with slightly 
better results in Moredun broth. More consistent results were found 
when antigen was diluted 1/50 to 1/150 in E broth or 1/100 to 1/200 in 
Moredun broth.
An attempt was made to use a sandwich ELISA, coating the microtitre 
plates with chicken antiserum and bovine sertim, but a poor result was 
obtained to differentiate M.bovis and M.califovnicum antigens extracted 
by the aqueous phenol methods.
Serum plus conjugate and substrate was used in every test as a control 
(background readings).
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TABLE IV.6.1: SENSITIVITY OF THE INDIRECT ELISA USING
AQUEOUS PHENOL EXTRACTED ANTIGEN
Culture in E broth 
Antiserum dilution
Mycoplasma species
1 A.g 
1 dilution 
1
1/160 1/320 1/640 1/160 1/320 1/640
1
1 1/50 >1.999 1.873 1.666 1.582 1.375 1.179
M.bovis 1 1/100 
1
>1.999 1.769 1.535 1.881 1.555 1.243
1 1/150 
1
1.970 1.895 1.597 1.886 1.535 1.354
1
1 1/50 >1.999 >1.999 1.675 1.745 1.434 0.979
M.bovigenitalium 1 1/100 
1
>1.999 >1.999 1.758 1.975 1.788 1.174
1 1/150 
1
>1.999 >1.999 1.718 1.841 1.690 1.179
1
1 1/50 
1
1.759 1.494 1.217 1.249 0.966 0.804
M.bovirhinis 1 1/100 
1
1.531 1.264 1.003 1.229 1.036 0.790
1 1/150 
1
1.588 1.251 0.953 1.288 1.059 0.837
1
1 1/50 
1
1.766 1.360 1.234 1.128 0.843 0.620
M. calif omicum 1 1/100 
1
1.835 1.494 1.105 1.261 1.081 0.757
1 1/150 
1
1.750 1.479 1.101 1.252 1.005 0.767
1
1 1/50 1.728 1.480 1.054 1.041 0.870 0.693
M. canadiense 1 1/100 1.836 1.479 1.231 1.091 0.846 0.699
1 1/150 
1
1.747 1.461 1.199 1.148 0.836 0.728
1
1 1/50 1.732 1.387 1.075 1.252 0.919 0.744
M.dispar
1
1 1/100 
1
1.666 1.399 1.029 1.251 1.122 0.591
1 1/150 
1 ....... ....
1.587 1.444 1.053 1.316 1.032 0.771
Culture in Moredun 
Antiserum Dilution
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TABLE IV.6.2: SPECIFICITY OF THE INDIRECT ELISA FOR H.bovis IDENTIFICATION
USING AQUEOUS PHENOL EXTRACT ANTIGEN 
(DILDTED 1/100 IN CBB)
Culture in E broth 
Antiserum dilution
Mycoplasma species
1
1 1/160 
1
1/320 1/640 1/160 1/320 1/640
M.bovis
I
j 1.884 
1
1.600 1.315 1.666 1.299 1.101
M.bovigenita Iium 1 1.862 
1
1.605 1.245 1.312 1.100 0.770
M.bovirhinis 1 1.202 
1
0.840 0.566 0.900 0.583 0.394
M.californicum 1 1.528 
1
1.214 0.979 1.069 0.814 0.735
M. canadiens e 1 1.594 
1
1.316 0.997 1.031 0.825 0.577
M.dispar 1 1.154 
1
0.842 0.728 0.951 0.608 0.368
Culture in Moredun 
Antiserum Dilution
TABLE IV. 6.3: CROSS REACTIVITY BETWEEN H.bovis AND H. calif omicum 
IN AN INDIRECT ELISA USING AQUEOUS PHENOL EXTRACT ANTIGEN
Culture in E broth 
Antiserum dilution
Mycoplasma
species
Ag
dilu­
tion
1/320 1/640 1/1280 1/2560
Ag
dilu­
tion
1/320 1/640 1/1280 1/2560
1/50 1.680 1.493 1.144 0.970 1/100 1.593 1.268 1.065 0.924
M.bovis 1/100 1.915 1.525 1.159 0.944 1/150 1.585 1.285 1.032 0.866
1/150 >1.999 1.505 1.153 0.896 1/200 1.737 1.428 1.137 0.966
1/50 1.381 1.122 0.885 0.778 1/100 1.113 0.893 0.769 0.686
M. califor­ 1/100 1.411 1.138 0.800 0.705 1/150 1.068 0.863 0.718 0.676
nicum
1/150 1.323 1.072 0.801 0.666 1/200 1.153 0.895 0.781 0.707
Culture in Moredun 
Antiserum Dilution
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IV-7. COMPARISON OF ELISA WITH INDIRECT IMMONOPEROXIDASE TEST
The IPT was used for identification of mycoplasmas colonies (M.bovis, 
M.bovirhinis, M.californicum, A.laidlawii) grown in E plates for 72 
hours at 37°C in 5 per cent CO^ . Rabbit antiserum specific for each 
species were used and the same conjugate and substrate as employed for 
the ELISA were chose to develop the enzymatic reaction in IPT.
The use of the running drop technique for subculturing to E plates did 
not give good results because the colonies grew very close to each 
other, and it seems that the washing steps did not work very well to 
wash out nonspecific binding, resulting in brown staining with both 
homologous and heterologous strains.
The attempt to use direct dropping of reagents over the streak of the 
organism did not seem to improve the test, as it took the same time to 
place the drop exactly in the same spot as marked by the other reagent 
as it took to position the filter paper disc. Moreover, plates must be 
handled with extreme care to avoid spitting from one drop of antiserum 
to another.
The best results were obtained using filter paper discs impregnated with 
serum and conjugate. The working dilution of serum was found to be 1/40 
and for conjugate 1/500. The best way to subculture mycoplasmas on E 
plates to perform the IPT was by spreading the inoculum over the whole 
surface of the plate, to plskji^ well distributed and separated colonies, 
dividing the plates in four, it was possible to test the specificity of 
the IPT for each mycoplasma at once, by reading the results under the
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microscope and comparing the reactions with homologous and heterologous 
sera. Some cross-reactivity or nonspecific binding was observed between 
different species, and it was difficult to be sure of a positive result. 
The time to complete the test was increased by the need to use cultures 
grown for at least 72 hours, as very young colonies tend to be washed 
from the plate.
IV. 8. COMPARISON OF ELISA WITH DISC FILM INHIBITION TEST
The results obtained by the indirect ELISA technique for M.bovis antigen 
detection were compared with those obtained from DFIT.
The DFIT gave much more reliable results and was very specific compared 
with ELISA. After several attempts to adjust the indirect ELISA for 
M.bovis identification, it seems that the test was not very specific and 
no reliable results were obtained.
The time needed to complete the test was another factor to be studied. 
For ELISA the best results were found with 48 hour cultures; so, after 
48 hours the plates were coated with antigen overnight and the proper 
test was performed on the following morning, which meant at least 72 
hours to complete the test. For DFIT a result would be available from 
48 to 72 hours without the need of equipment to read the results. 
However, with ELISA performed in microtitre plates it was possible to 
test 96 or 48 samples (using duplicates) each time, and for DFIT each E 
plate can be used to test no more than 12 samples.
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DFIT seems to be a more economical test as it does not require reagents 
(apart from the serum), it is read by eye or under a stereoscopic 
microscope and does not use disposable microtitre plates.
In this comparison ^ sophisticated and time consuming techniques for 
antigen extraction were not employed, as it would not contribute for the 
rapid identification of field isolates, and would not be a routine 
practice when several material were to be tested. Following this
assumption, monoclonal antibodies were not used in any of these 
experiments, as it would mean the preparation and availability of at 
least 10 different monoclonal antibodies to cover the wise range of 
Mycoplasma and Acholeplasma species that could be isolated from clinical 
material collected from cattle.
342
CHAPTER V
DEVELOPMENT OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY FOR 
DETECTION OF MASTITIS CAUSED BY Mycoplasma bovis
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CHAPTER V
DEVELOPMENT OF AN ENZYME-LINKED IMMDNOSORBENT ASSAY FOR DETECTION OF 
MASTITIS CAUSED BY HycopLasma bovis
In 1960, DAVIDSON and STUART recorded for the first time the isolation 
of an organism which had/ the cultural characters of the "pleuropneumonia 
group (Mycoplasmas) from an outbreak of bovine mastitis in England, 
after passing material from clinical cases in bovine udders.
The mastitis was characterized by a painless swelling of the quarters, a 
secretion with a sediment of fine clots, and a marked drop in milk 
yield. The organism could be seen in films of secretion stained with 
methylene blue without defatting. They were resistant to penicillin but 
sensitive to chlortetracycline.
Two years later, HALE et al. (1962) reported for the first time bovine 
mastitis caused by M.bovis, and also isolated the pathogen from the 
udder of affected cows. In 1963, STUART et al. identified as 
M.bovigenitalium the organism isolated previously by DAVIDSON and 
STUART.
In 1967 KEHOE et al. (1967b) infected 8 cows with M.bovis and monitored, 
by histological examinations, the time-course of the development of 
lesions. The appearance of neutrophils and of an exudate showing 
eosinophilia in the alveolar lumina of the lactiferous gland was 
observed as early as 1 or 2 days after infection.
Since then, several mycoplasma species have been implicated in bovine 
mastitis in many parts of the world (GOURLAY et al. 1974; DAVIES and
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BOUGHTON, 1976; JASPER, 1977; MACKIE et al. 1982). In 1979, BOUGHTON 
summarized the publications that had appeared on M.bovis mastitis up to 
1978. According to him, the microscopic pathological changes in 
spontaneous infections have been described by only a few workers (HALE 
et al. 1962; RINALDI et al. 1969; REDAELLI and RUFFO, 1975; BENNETT and 
JASPER, 1978b).
In 1981, HARTMAN et al. described the presence of M.bovis causing 
mastitis in the Netherlands, and in the same year, HEITMANN et al.
(1981) made the first report of M.bovis infection in a dairy herd in the 
German Federal Republic. Two years later, the first outbreak of 
mastitis showing pronounced agalactia without signs of inflammation or 
general disorder was reported in Switzerland by SCHAEREN et al. (1983), 
and M.bovis was isolated from the affected cows.
It is well recognised that mycoplasma mastitis spreads very easily from 
cow to cow. Introduction of a cow that is shedding mycoplasma in her 
milk is one very important way that mycoplasma mastitis problems get 
started in a herd (THOMAS and JASPER, 1982).
When mastitis problems are diagnosed in a herd, the normal procedure is 
to collect milk samples aseptically, and send them to the nearest 
laboratory for culture and identification of the causative agent. The 
conventional procedure at the laboratory is to incubate the milk samples 
for 24 hours at 37°C and then cultivate them in ordinary blood agar and 
routine bacteriological media, to search for the presence of the most 
probable organisms known to cause this disease (e.g. Corynebacterium 
pyogenes, Streptococcus sp.. Staphylococcus sp., Klebsiella sp..
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Escherichia coli). The use of special media for isolation of 
mycoplasmas is still not a routine procedure when milk samples are to be 
tested.
According to WEHNERT (1979), exacting demands have to be met by milk 
testing routine laboratories when mycoplasma species are to be cultured 
from milk samples. Cleanliness of sampling, immediate cold storage, and 
no-delay transport of the milk samples to the testing centre are of 
greatest importance to the informative value of all mycoplasma tests.
In the summer season, it is recommended to freeze the milk samples
immediately after sampling.
However, the diagnosis of M.bovis mastitis by the routine tests used for 
isolation and identification of these organisms usually comes too late. 
Consequently, the cardinal early symptoms of the infection are described 
for a probable diagnosis in order to permit prophylactic measures, and 
to prevent ineffective expensive treatments and loss of time. According 
to VANDEPLASSCHE (1985), following a definitive diagnosis of M.bovis 
mastitis by culture, a repeated application of the California Mastitis 
Test (CMT) combined with bacteriological culture detects infected cows 
and they should be culled.
Nevertheless, mycoplasma mastitis can be diagnosed not only by the
demonstration of mycoplasmas by cultural evidence but also by the
detection of specific antibodies in milk. JURMANOVA et al. (1978) 
reported the presence of mycoplasma antibodies in milk when they 
examined milk samples from experimentally infected cows. BENNETT and 
JASPER (1978b) described the immunological and pathological response of
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cows to naturally occurring M.bovis mastitis. They reported that 
humoral indicatéors of systemic immune response to mycoplasma mastitis, 
and mycoplasma infections in general, usually fail to differentiate 
between animals resistant and susceptible to infection (BENNETT and 
JASPER, 1978a; WHITTLESTONE, 1976). They claimed that M.bovis appears 
to have the ability to create at least a temporary defect in the full 
development of both humoral and cellular immunity, and the organisms 
readily populate the mammary tissue and produce clinical mastitis. The 
authors concluded that better definition of humoral and cellular immune 
reactions that limit mycoplasma infection may be achieved by the assay 
of local mammary immune mechanisms of resistance. In 1983, JURMANOVA et 
al. demonstrated specific mycoplasma antibodies from mastitic animals in 
the field. Antibodies to M.californicum and M.bovigenitalium were found 
in milk samples and some serum samples, using the Indirect 
Haemagglutination and ELISA tests, from dairy cows with clinical 
mastitis by JURMANOVA et al. (1985). They also found antibodies to 
M.bovirhinis, M.bovis and M.arginini during examination by the same 
methods in milk samples from cattle in 22 different localities in 
Czechoslovakia.
The use of ELISA for detection of antibodies against mycoplasmas and 
ureaplasmas in milk of mastitic cows was reported by JURMANOVA et al. 
(1986). They studied the specificity of ELISA using homologous and 
heterologous hyperimmune sera from rabbits as well as selected milk 
samples from which antibody levels were known. They described an 
indirect ELISA using a diluting solution of PBST supplemented with 0.1 
per cent bovine serum albumin for milk dilution. The milk samples used 
were collected from cows with clinical mastitis from which mycoplasmas
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had been directly isolated, or from a farm with a long history of 
mycoplasma infection. Reproducibility of the results was tested by 
including positive and negative milk samples in each experiment.
It seems evident that serological techniques can be applied in the 
search for specific antibodies against mycoplasma species in milk 
samples, when an outbreak of clinical mastitis starts in a herd. The 
results obtained by the serological tests described (ELISA or HA) will 
be available much quicker than those obtained by culture and 
identification of the organisms. So, if the right procedures to stop 
the dissemination of the disease could be taken an eradication scheme 
could be established.
EXPERIMENT 1 : DEVELOPMENT OF AN INDIRECT ELISA FOR H.bovis ANTIBODY 
DETECTION IN MIIR FROM AN EXPERIMENTALLY INFECTED COW
The same indirect ELISA as described in Chapters II, III and IV was 
standardized for use for antibody detection in milk samples. The test 
was performed using milk from an experimentally infected cow.
EXPERIMENT 2 : USE OF THE INDIRECT ELISA IN MILK SAMPLES COLLECTED IN 
THE FIELD
Milk samples were collected and tested for the presence of H.bovis 
antibodies, using the same ELISA test as described elsewhere.
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MATERIALS AND METHODS
EXPEEŒMENT 1 : DEVELOPMENT OF AN INDIRECT ELISA FOR H.bovts ANTIBODY 
DETECTION IN MILK FROM AN EXPERIMENTALLY INFECTED COW
The same indirect ELISA was used for the detection of antibodies against 
M.bovis present in milk samples, collected from an experimentally 
infected cow.
1.a) Experimental animal
A Friesian cow, which had previously been infected with M.califOTmicum 
in the right hind quarter, was infected in the left fore quarter by 
inj ection of 0. 1ml of a 24 hours E broth culture of M. bovis into the 
teat canal.
l.b) Recovery of the organism
Milk samples were taken daily, with slaughter 1 week later. The samples 
were collected aseptically in plastic tubes and two drops of each sample 
were put into 2ml of E broth and incubated at 37°C. When a change in pH 
was seen, subculture was made into E broth and on E plates. These 
subcultures were repeated 3 times on all broths before a negative result 
was given.
l.c) Indirect ELISA for H.bovis antibodies detection
With the milk samples, the same indirect ELISA (Chapter 2) was performed
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using the sonicated M.bovis antigen to coat microtitre plates overnight 
at 4°C, searching for M.bovis antibodies. Checkerboard titrations were 
carried out to find the best dilution of milk for use in the test, 
varying from neat to 1/16. Negative and positive milks were included as 
controls, as well as a background control in which no antigen was used 
to coat the wells. Dilutions of milk and antigen were done in CBB and 
PBST, in an attempt to find the best buffer for this particular test. 
Positive milk for M.califoTmicum (containing antibodies to this 
organism, checked by CFT) was used to study the specificity of the test.
EXPERIMENT 2 : USE OF THE INDIRECT ELISA IN MILK SAMPLES COLLECTED IN 
THE FIELD
This experiment was carried out using field milk samples. The test was 
performed essentially as described previously, using milk samples 
and antigen diluted in the buffer that showed the best results in 
experiment 1.
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RESULTS AND DISCUSSION
EXPEELMENT 1 : DEVELOPMENT OF AN INDIRECT ELISA FOR H.bovis ANTIBODY 
DETECTION IN MILK FROM AN EXPERIMENTALLY INFECTED COW
This Chapter was strongly prejudiced because it was not possible to get 
a known positive milk sample for the standardization of the test and for 
use as a control. Although several requests were made to various 
laboratories for the collection of milk samples from outbreaks of 
mycoplasmal mastitis, it appears that during the development of this 
research project no outbreaksClinical mycoplasma mastitis were diagnosed 
in the UK.
The positive milk sample for H.bovis used for the standardization of the 
test came from an experimentally infected cow. However, this cow had 
been previously infected with M.califoTmicum in another quarter, so the 
existence of antibodies against H.bovis and also against H. calif omicum 
CouJ4.not be discounted.
To perform the standardization of the test^the results obtained from the 
positive reference milk (157 LF) were compared with those obtained from 
a positive milk for M.bovigenitalium (157 LH) and a positive milk for 
A.laidlawii (305 RF). Thus all milk samples used for the 
standardization procedures were collected from experimentally infected 
animals, and the positive H.bovis (157 LF) and the positive 
M.bovigenitalium (157 LH) samples were from different quarters of the 
same cow. Unfortunately these were the only milk samples available for 
the test, from which the mycoplasmas involved had been isolated and
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antibodies in the milk were assumed to be present.
First, the use of diluted or undiluted milk was evaluated, using PBST 
or CBB for the first washing step and for dilution of the milk samples. 
Microtitre plates were coated overnight at 4°C with the sonicated 
H.bovis antigen diluted 1/550 (in CBB), following the results obtained 
in Chapter II. On the following morning the plates were washed with CBB 
(Tables V.1.1 and V.1.2) or PBST (Tables V.1.3 and V.1.4) to wash out 
uncoated antigen. The next step to be tested was to find the best 
dilution of milk to perform the test (if any), as well as the best 
buffer for use in the dilution steps. Again CBB (Tables V.1.1 and 
V.1.3) and PBST (Tables V.1.2 and V.1.4) were tested.
The results obtained in this experiment show that when milk was used 
undiluted the best differentiation (OD values) was obtained between the 
positive milk for H.bovis and the milk samples positive for 
H.bovigenitalium and A.laidlawii. Positive milks for H.bovigenitalium 
gave OD values higher than those of H.bovis positive milk when milk was 
used (in one occasion) undiluted and using CBB for first washing step 
and for 1/2 dilution. Cross-reactivity between H.bovis and 
H.bovigenitalium has already been described in Chapter IV, and was again 
detected in this experiment. Furthermore, the positive milks for 
H.bovis and for H.bovigenitalium were collected from the same cow, 
infected with each organism in a different quarter.
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TABLE V.1.1 : ELISA RESULTS FROM MILK SAMPLES USING CBB IN THE FIRST
WASHING STEP AND FOR MILK DILUTIONS
I MILK SAMPLE ^
DILUTION 1
(neat
1
1/2 1/4 1/8 (
1 157 LF test
1
(1.676 1.421 1.087 0.865(
1 (M.bovis) control (0.499
1
0.424 0.213 0.210(
net OD (1.177
1
0.997 0.874 0.655(
1 157 LH test
1
(1.754 1.376 0.984 0.771(
1 (M.bovigenitalium) control (0.451
1
0.291 0.182 0.130)
net OD (1.303
1
1.085 0.802 0.641)
1 305 RF test (1.201 1.215 1.216 1.008)
1 (A.laidlawii) control (0.428
1
0.393 0.362 0.429)
net OD [0.773
1. , , ,
0.822 0.854 0.579)
TABLE V.1.2 : ELISA RESULTS FROM MILK SAMPLES USING CBB IN THE FIRST 
WASHING STEP AND PBST FOR MILK DILUTIONS
( MILK SAMPLE
DILUTION 1
(neat
1
1/2 1/4 1/8 (
) 157 LF test
1
(1.880 1.402 1.254 1.095)
( (M.bovis) control (0.482
1
0.278 0.278 0.220)
net OD (1.398
1
1.124 0.976 0.875)
( 157 LH test
1
(1.635 1.409 1.128 0.958)
) (M.bovigenitalium) control (0.416
1
0.251 0.201 0.180)
net OD (1.219
1
1.158 0.927 0.778)
( 305 RF test
1
(1.278 1.157 1.130 1.018)
) (A.laidlawii) control (0.427
1
0.413 0.364 0.997)
net OD (0.851 
1 ,
0.744 0.766 0.021)
Results expressed in OD as the mean value between two readings
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TABLE V.1.3 : ELISA RESULTS FROM MILK SAMPLES USING PBST IN THE FIRST
WASHING STEP AND CBB FOR MILK DILUTIONS
I MILK SAMPLE
DILUTION 1
1 neat 
1
1/2 1/4 1/8 1
1 157 LF test
1
|>1.999 1.482 1.051 0.7751
1 (M.bovis) control 1 0.227 
1
0.195 0.129 0.108]
net OD 1 1.773 
1
1.287 0.922 0.667]
1 157 LH test
1
1 1.483 1.226 0.912 0.676]
1 (M.bovigenitalium) control 1 0.147 
1
0.148 0.112 0.090]
net OD 1 1.336 
1
1.118 0.800 0.586]
1 305 RF test
1
1 1.245 1.055 0.983 0.797]
1 (A.laidlawii) control 1 0.193 
1
0.167 0.135 0.108]
net OD 1 1.052 
1
0.888 0.848 0.689]
TABLE V.1.4 : ELISA RESULTS FROM MILK SAMPLES USING PBST IN THE FIRST 
WASHING STEP AND FOR MILK DILUTIONS
1 MILK SAMPLE
DILUTION
1
1
jneat
1
1/2 1/4 1/8 1
] 157 LF test
1
11.850 1.432 1.195 1.015]
1 (M.bovis) control ]0.231 0.139 0.140 0.129]
net OD jl.619
1
1.293 1.055 0.886]
] 157 LH test
1
]1.518 1.405 1.178 0.999]
1 (M.bovigenitalium) control ]0.146
1
0.130 0.121 0.110]
net OD ]1.372 
1
1.275 1.057 0.889]
1 305 RF test
1
11.148 1.147 1.088 1.090]
1 (A.laidlawii) control 10.186
1
0.208 0.144 0.123]
net OD ]0.962
1
0.939 0.944 0.967]
Results expressed in OD as the mean value between two readings
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Analysing the results obtained, with the use of CBB and PBST for the 
first washing step,it was found that:
a) When CBB was used, the OD values (net OD) obtained with undiluted 
milk were :
for M.bovis
for M.bovigenitalium
for A.laidlawii
1.177 and 1.398 
1.303 and 1.219 
0.773 and 0.851
The differences between OD values obtained from the milk sample positive 
for M.bovigenitalium and A.laidlawii when compared with positive M.bovis 
milk are shown in Table V.1.5.
TABLE V.1.5 : DIFFERENCES BETWEEN OD VALDES FOR MIIR POSITIVE TO
H.bovigenitalium AND A.laidlawii C C66 U..seci)
1 1 
1 OD value for M.bovis | Difference for
1 1 
1 Difference for |
1 1 
1 1
M.bovigenitalium 1 A.laidlawii | 
1 1
1 1 
1 1.177 1 -0.126 1 0.404 1 
1 11 1 
1 1.398 1 
1 1
0.179
1 I 
1 0.547 1 
1 1
b) When PBST was used, the OD values (net OD) obtained with undiluted 
milk were:
for M.bovis
for M.bovigenitalium
for A.laidlawii
1.773 and 1.619 
1.336 and 1.372 
1.056 and 0.962
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The differences between OD values obtained from the milk sample positive 
for M.bovigenitalium and A.laidlawii when compared with positive M.bovis 
milk are shown in Table V.1.6.
TABLE V.1.6 : DIFFERENCES BETWEEN OD VALDES FOR MILK POSITIVE TO 
H.bovigenitalium AND A.laidlawii C i ^
j OD value for M.bovis Difference for Difference for j
M.bovigenitalium A.laidlawii |
1 1.773 0.437 0.717 1
1 1.619 0.247 0.657 1
With these results, it can be assumed that when PBST was used to wash 
excess antigen from the plates, results were more specific, as the OD 
values for milk positive to M.bovis were higher than those for milk 
positive to M.bovigenitalium and A.laidlawii.
When milk was diluted in CBB or PBST, the results showed that
dilution of milk (independently of the buffer used) gave better results 
(sensitivity or specificity) than when milk was used undiluted.
An attempt was made to prepare whey from whole milk for testing in the 
ELISA. this purpose Rennet (a preparation used in curdling milk
for making cheese) was used, and as it was obtained from two different
sources it was called Rennet A and Rennet B. To perform this test.
Rennets A and B were used to dilute the milk sample positive
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for M.bovis, the one positive for A.laidlawii, and one field milk 
sample. The dilutions were tested at 1/100 and 1/200 and the mixtures
(milk plus Rennet) were kept overnight at 37° or overnight at room 
temperature, before being used in the ELISA test. The results obtained
are illustrated in Tables V.1.7 and V.1.8. The results showed again
that the dilution of milk in Rennet did not improve the sensitivity or 
specificity of the test and did not produce any increase in the
difference between OD values for milks positive to A.laidlawii and 
M.bovis (differences being 0.311 and 0.138 for 1/100 and 1/200 dilutions 
respectively using Rennet A overnight at 37°C; differences being 0.309 
and 0.310 for 1/100 and 1/200 dilutions respectively using Rennet A 
overnight at room temperature; using Rennet B overnight at 37°C 
differences being 0.198 and 0.038 for 1/100 and 1/200 dilutions
respectively, and for Rennet B overnight at room temperature differences 
being 0.333 and 0.323 per 1/100 and 1/200 dilutions respectively).
With the results obtained in this experiment, it was assumed that the 
best way to use milk samples for testing in ELISA was to add 100^1 of 
undiluted milk samples after the plate being washed 3 times with PBST. 
All other steps of the ELISA were followed according to the protocol 
presented in Chapter II.
EXPERIMENT 2 : USE OF THE INDIRECT ELISA IN MILK SAMPLES COLLECTED IN 
THE FIELD
As already discussed, these experiments had to be developed in a 
precarious way, as it was not possible to test milk samples collected 
from herds experiencing an outbreak of mycoplasma mastitis.
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The milk samples used to perform this experiment were collected from 
cows of a dairy herd without any history of mycoplasma infection, 
belonging to the CVL. The milk samples were collected from all quarters 
separately, from 13 cows, giving a total of 52 milk samples. The ELISA 
test was carried out as already described, coating plates overnight at 
4°C with M.bovis sonicated antigen and using undiluted milk for antibody 
detection. The controls used were the positive milk for M.bovis and, as 
a negative control, the positive milk for A.laidlawii, because it showed 
better differentiation then the positive M.bovigenitalium milk when 
compared in Experiment 1.
The results obtained are illustrated in Table V.2.1 where data were 
tabulated according to the OD value. The OD group ranging from >0.80 to 
<1.00 was most frequent (33 samples or 63.5 per cent) in the 52 samples 
tested. Considering samples with OD values higher than 1.00, there were 
16 milk samples that gave results in this range (Table V.2.2). It was 
interesting to observe that from these 16 samples, 12 were collected 
from 3 cows (from all 4 quarters of each), 2 from one cow (2 quarters of 
each) , and 2 from a different cow each. It was also observed that the 
OD presented by each quarter from the same cow were very similar.
As no extrapolation was possible from these results, because the cut-off 
point for positive/negative values had not been established, serum 
samples collected from all 13 animals were tested for antibodies. The 
results are shown in Table V.2.3, and in no animal was a positive or 
inconclusive result for M.bovis found using the indirect ELISA.
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From the results obtained in this research, it is possible to conclude 
that further refinements are needed before the indirect ELISA for 
M.bovis antibody detection in milk can be used, and good positive and 
negative milk samples must be included as controls to evaluate the 
specificity and sensitivity of the test.
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GENERAL DISCUSSION AND CONCLUSIONS
363
The availability of an efficient culture medium for primary isolation 
and good identification methods for mycoplasmes isolated from different 
bovine anatomical sites, combined with specific and sensitive 
serological methods, should be regarded as essential for the prevention 
and control of bovine mycoplasmosis.
With this purpose in mind, research was carried out to develop a more 
selective medium for mycoplasma isolation from field samples j together 
with the use of immunosorbent assays for serological diagnosis of 
mycoplasma infections in cattle ; with special reference to M.bovis in 
Brazil.
The presence of M.bovis in 4.9 per cent of the bovine population sampled 
in Rio de Janeiro State, demonstrated by the isolation of this organism 
from the upper respiratory tract of apparently healthy calves, was an 
important finding because of the association of M.bovis with pneumonia 
in calves (GOURIAY and HOWARD, 1979) and mastitis in cows (HEITMANN et 
al. 1981). Furthermore, as described by BOUGHTON and WILSON (1978), 
infection with M.bovis in young cattle is usually associated with 
respiratory disease and could be a source of infection for adult cattle 
to cause mastitis. So it is interesting to note that FREITAS et al. 
(1986) reported a high incidence of mastitic cows in the region, which 
it is now suggested may have been partly due to the presence of M.bovis 
in these herds. M.bovis may well, also, have been the unidentified 
species of Mycoplasma reported by LIBERAL et al. (1982) and LIBERAL and 
ROMIJN (1988) isolated from the lungs of calves that had died from 
severe pneumonia in the same area. In this regard it is probably 
significant that farms sampled in the present research also contributed
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to mycoplasma in the previous studies.
In contrast to the isolation of M.bovis^ M.bovirhinis was apparently 
absent, although it has frequently been isolated from nasal swabs of 
apparently healthy calves (THOMAS and SMITH, 1972; SHIMIZU et al. 1973; 
SPRINGER et al. 1982) and from nasopharyngeal cavities of calves with 
pneumonia (BRYSON et al. 1978). In the present study the problem of 
rapid growth and auto toxicity may be the explanation, as well as the 
heavy contamination with other bacteria and fungi which were present in 
almost all samples tested, and * thereby prevented detection of 
M.bovirhinis.
Another organism isolated from the upper respiratory tract of calves in 
this survey was A.laidlawii which is in agreement with the previous 
reports by SPRINGER et al. (1982). This organism is considered as 
nonpathogenic although recent publications have reported the isolation 
of A.laidlawii from mastitic cows (ERFLE and BRUNNER, 1977; WEHNERT et 
al. 1977; COUNTER, 1978; PAL et al. 1982). So further studies are 
necessary to clarify the real significance of this isolation of 
A.laidlawii from the upper respiratory tract of apparently healthy 
calves in Brazil.
Nasal swabs are normally contaminated by faeces and earth so it was not 
surprising that bacteria were present in all field samples tested. 
Representatives of the Enterobacteriaceae were isolated with the highest 
frequency, E.coli being the most frequent, as, of course, it is present 
in high numbers in faeces. In addition B.subtilis. Staphylococcus sp. 
and Streptococcus sp. were frequently isolated  ^along with
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A.calcoaceticiLSy Sarcina sp. and Pseudomonas sp., all of which may be 
isolated from soil and water. To minimise the growth of such bacterial 
contaminants in work on mycoplasmas isolation, methods ranging from the 
use of filtration to the application of antibacterial chemicals may 
prove difficult.
In this research, several antibiotics were tested in the mycoplasma 
medium and the results were compared with those reported by BOUGHTON 
(1982). There was complete agreement in the resistance showed by the 
mycoplasmas tested against Ampicillin and Penicillin and for their 
susceptibility to Chloramphenicol. Also for Erythromycin, resistance 
was shown by M.bovirhinis, M.bovis and M.dispar, h\it A.laidlawii and 
A.oculi were sensitive; however, A.axanthum, reported by BOUGHTON (1982) 
to be resistant, was found to be sensitive. Agreement with BOUGHTON
(1982) was also noted for Kanamycin sensitivity tests against 
M.bovoculi, M.dispar, A.axanthum and A.laidlawii, while for M.bovirhinis 
and M.bovis resistance was reported by BOUGHTON (1982) but an 
intermediate result was observed in the present project. For A.oculi 
sensitivity was demonstrated by BOUGHTON in three strains, but the 
single strain tested in this project was resistant.
The indirect ELISA method which was developed appeared to be a simple, 
inexpensive, and reproducible assay for detecting the IgG class-specific 
antibody response to M.bovis. As reported by VOLLER et al. (1979) the 
optimum concentrations of antigen used in ELISA are normally in the 
range of 1/zg to lOpg/ml protein. Ideally, all the binding sites on the 
solid phase should be occupied by the antigen molecules during coating. 
Furthermore, according to McLAREN et al. (1981), over-coating with
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antigen is disadvantageous as a layer of antigen cannot be maintained, 
and antigen already adsorbed may become detached during the test and 
hence reduce assay sensitivity and reproducibility. In this study, the 
optimal concentration of antigen found by checkerboard titration was 
5.7pg/ml and 6.2pg/ml protein for sonicated and whole cell antigen 
respectively, such values being in the protein concentration range 
reported by VOLLER et al. (1979).
In obtaining an optimum dilution level or range for serum samples it is 
important to choose a point in the linear phase of the dilution curve 
because, as reported by McLAREN et al. (1981), if too low a dilution is 
selected, high levels of antibodies will be in excess and will not be 
recognised, while at high dilution the antibodies may be too sparsely 
distributed for the conjugate to bind effectively. The choice of a 
single serum dilution to carry out the test (i.e. 1/320) proved to be 
acceptable for this kind of survey, where the objective was to detect 
the presence of antibody against M.bovis, without the need to find end 
point titres for the sera tested. Although epidemiologically this 
approach is sufficient, in some clinical situations information on 
precise titres and change in titre may be important in assessing the 
immunological status of the animals. In such situations more exact 
antibody concentrations could have been obtained by titration.
The ELISA test was developed for detection of IgG antibodies only but it 
is recognised that a test for IgM may well have provided additional and 
interesting epidemiological data.
367
In developing the ELISA test a number of options were available. The 
decision to use horseradish peroxidase (HRP) was on the basis of results 
reported by BULLOCK and WALLS (1977), who claimed that HRP has three 
major advantages over alkaline phosphatase: 1) it is an unusually stable 
enzyme that can be stored over long periods without exceptional 
precautions; 2) purified HRP is 20-fold less expensive than alkaline 
phosphatase; and 3) the purple-brown colour developed as an end product 
in the HRP-5-AS substrate reaction permits easy visual and colorimetric 
reading. So all these factors are important to workers planning to use 
the test in countries such as Brazil where money and facilities for such 
tests are scarce.
For the washing procedures, the inclusion of Tween 20 in the buffer 
solution (PBS) was done according to recommendations of RUITENBERG et 
al. (1976) and BULLOCK and WALLS (1977). They reported that Tween 20 in 
saline or water was as effective as incubation with BSA and virtually 
eliminated backgrounds reactions. They concluded that the use of Tween 
20 also increases the sensitivity of the positive reactions, perhaps 
because of the detachment of nonspecific substances adsorbed from the 
test serum. These observations were confirmed in this research, leading 
to the elimination of the BSA steps in the ELISA test, which saved a 
considerable amount of time and reduced the cost of the assay. 
Furthermore, the use of PBST for washing and diluting steps resulted in 
optimal differentiation between homologous and heterologous sera.
The type of carrier plate used for coating with antigen was also 
evaluated. The results obtained in this project showed that the use of
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polyvinyl chloride plates led to more linear and reproducible results as 
well as reducing the amount of antigen and conjugate necessary to 
perform the test. Some difficulty, however, was found at first due to 
the flexible nature of the plates but the problem was overcome. BULLOCK 
and WALLS (1977) claimed that polyvinyl chloride plates gave more deeply 
coloured reactions, which did not necessarily result in better end 
points or easier reading. They preferred the polystyrene plates for 
ease of reading and handling. The results obtained in this study showed 
that "Falcon" flexible plates were very reliable and their use resulted 
in assays with greater sensitivity than when "Dynatech" and "Linbro" 
plates were employed. However, variations between different batches of 
the same type of plates may be found, so it is essential to evaluate the 
new batches by testing sera with known OD values including reference 
positive and negative sera.
The assay precision and reproducibility forms an integral part of enzyme 
assay techniques. Essentially, there are two estimations of precision 
and reproducibility in an immunoassay, usually expressed as the 
coefficient of variations (CV), which is a ratio of the standard 
deviation of the individual determinants to the mean. The coefficient 
of variation can be obtained for 1) intra-assay variation, determined by 
testing one sample many times in one assay which tends to give an over­
estimation of precision; and 2) for inter-assay variation, based on 
testing one sample in a number of different assays, usually on different 
days (SCHUURS and VAN WEEMEN, 1977). So the reliability of the indirect 
ELISA procedure, that is the ability to repeat absorbance values from 
tests conducted at different times, was very good. The reproducibility 
of the assay was maintained by using positive and negative control sera
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in each plate. The use of these control sera eliminates systematic 
components of error and gives analytical consistency to the measurement. 
The within-day and day-to-day variability of the ELISA results read 
spectrophotometrically was exceptionally small, which showed (by the 
small coefficients of variation observed) that with the use of proper 
controls this test can be performed with confidence, and evaluations 
between laboratories should be more comparable.
Although BULLOCK and WALLS (1977) reported that when ELISA readings are 
delayed, the continued colour development may cause false-negative 
readings in weakly positive sera, the results found in this study showed 
that even when readings were delayed for 15 min the differences in OD 
values were so small that they did not influence the position of a 
result as negative or positive. Furthermore, this interval of 15 min 
made it possible to test, manually, 5 microtitre plates per time (the 
equivalent of 110 serum samples using the plate lay-out described), 
without the problem of obtaining false negative readings.
The positive/negative discrimination, or cut-off value for the ELISA 
test, is a critical step in the development of both quantitative and 
qualitative enzyme immunoassays. Thus the choice of high OD values will 
minimize the false positives but may lead to more false negative results 
and vice versa. When the indirect ELISA was evaluated with CF and DFI 
tests, the main problem centred on the interpretation of the results 
obtained from each different test, where ELISA results are given as OD 
values, CFT results as titres, and DFIT results as positive or negative. 
Furthermore, the ELISA OD values between 0.600 and 0.900 were classified
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\as inconclusive or doubtful, as were titres of 1/40 in the CFT. An 
extensive study was carried out to define the position of the sera 
classified in these ranges of ELISA and CFT results.
After the analysis of all data, and comparing ELISA, CFT and DFIT 
results, it seems clear that the indirect ELISA was more specific and 
more sensitive than the other two serological tests. In general, when 
ELISA OD >0.9 was considered as positive, the test showed more specific 
but less sensitive results. The ELISA correlated much better with DFIT 
than with CFT. The correlation between DFI and CF tests results was 
very low, showing the lowest coefficients of association and colligation 
(0.38 and 0.20 respectively) between tests.
The final decision about the exact cut-off value for positive/negative 
sera was assumed to be dependent on each individual situation. For 
instance, when several bovine sera samples belonging to one farm were 
tested and the majority of them showed OD values higher than 0.9, the 
herd was considered as positive. If individual samples were tested and 
showed OD in the range between OD >0.600<0.900, a more specific study 
is recommended to discover the history of the animal (recent 
respiratory disease or mastitis) and the history of the herd to which 
the animal belonged. In this case, the approach recommended is to 
collect a new serum sample to compare with the results already obtained.
Comparisons have been irejofW between ELISA and other serological tests to 
define the most sensitive and specific test for detection of antibodies 
against mycoplasmas. When ELISA results were compared with CFT results, 
ELISA was found to be superior to CFT when comparing sensitivity.
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duration of antibody response, and technical requirements (HOROWITZ and 
CASSELL, 1978; ONOVIRAN and TAYLOR-ROBINSON, 1979; ARMSTRONG et at. 
1983; BUSOLO et al. 1983; DUSSAIX et al. 1983; HAJKOVA and JURMANOVA,
1983; PIFFER et al. 1984; VINCENT et al. 1984; FISCHER et al. 1986).
These reports are in agreement with the results obtained in this 
research, in which ELISA was superior to CFT and to DFIT, although no 
report comparing DFIT with ELISA was found in the bibliographic review.
CFT is a time consuming test, and some sera tend to show
anticomplementary results when testing for mycoplasma antibody 
detection. DFIT appears to be more sensitive and specific than CFT, 
although the test is greatly influenced by the M.bovis strain used to 
seed the plates. According to THORNS and BOUGHTON (1978) there was 
considerable difference in the zones produced by the same serum on lawns 
of different strains, and in the degree of dilution before inhibition 
was extinguished. They concluded that the selection of a strain might 
therefore be important in sérodiagnostic testing, and suggested the use 
of a strain isolated from a herd in testing that herd, when possible. 
In their report they claimed that for serodiagnosis of M.bovis infection 
in young cattle the DFIT had advantages in sensitivity and ease of 
performance, and possibly of specificity over the CFT. They explained 
that they did not have the opportunity to test sera from infected adult 
cattle on a sufficient scale for conclusions to be drawn. It seems that 
with these results obtained in this research, where 1,300 bovine serum 
samples (from young and adult animals) were tested, it is possible to 
conclude that DFIT is more sensitive and more specific than CFT.
Finally, it is important to remember that to perform this comparison a 
question arises as to the class of antibodies measured by the different
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serological methods, since this indirect ELISA was developed to detect 
IgG class only; in CFT only IgM and some IgG subclasses are involved 
(BUSOLO et al. 1983); and in DFIT only IgG^ class antibodies are 
detected (THORNS, 1978b).
The reports published so far on the use of ELISA for detection of 
M.bovis specific IgG in bovine serum have been about results obtained 
from animals experimentally infected, vaccinated or challenged with 
M.bovis, when only a small number of animals was evaluated (BOOTHBY et 
al. 1981; BOOTHBY et al. 1982a, 1982b; HOWARD et al. 1983). In this 
research, the indirect ELISA was evaluated using 1,300 bovine field sera 
and proved to be a sensitive and specific test for M.bovis 
serodiagnosis.
In another set of 92 bovine sera obtained from cows with recent history 
of mastitis, the sera were assayed by ELISA for M.bovis and 
M.califOTmicum antibodies. In no situation was a serum sample positive 
for M.bovis also positive for M. califomicwn, or vice-versa. This 
result suggests good specificity in the ELISA for distinguishing bovine 
sera containing antibodies to M.bovis and M. calif omicwn, and is in 
accordance with the observations published by THOMAS et al. (1987b) that 
the ELISA can be used in epidemiological field studies of bovine 
mastitis, for serodiagnosis of mycoplasma infection.
In conclusion, the ELISA proved to be a highly sensitive and specific 
technique in comparison with CF and DFI tests, a very specific test to 
differentiate between sera positive for M.bovis and M. calif omicwn, and 
a reliable procedure for detecting M.bovis antibodies in animals
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naturally infected by this organism.
The finding that the ELISA can be read visually is in accordance with 
reports published by VOLLER et al. (1974), WOLTERS et al. (1976), 
BULLOCK and WALLS (1977) and YOLKEN et al. (1977). In ELISA results 
determined visually^ the positive reactions were readily recognizable, 
the use of positive and negative controls in all plates been necessary 
and essential. Spectrophotometric measurements would provide numerical 
definition of the product of the enzymatic reaction. The automation of 
the ELISA test will allow a large number of sera to be tested with high 
efficiency but, even with all steps done manually, it was observed that 
the results could be recorded within 3 hours after the diluted sera were 
placed on microtitre plates.
From these results it is possible to conclude that the indirect ELISA 
developed for M.bovis antibody detection is specific and sensitive, 
being suitable for use in the field, where the results can be assessed 
visually, or in better equipped laboratories where spectro-photometric 
readings can be used to increase sensitivity and discrimination.
One of the critical aspects in the use of ELISA for antigen detection 
was the preparation of hyperimmune sera in animals (rabbit and chicken) 
suitable for use in serological tests. Evidence that the antibody- 
antigen reactions demonstrated were due to the mycoplasma antigen rather 
than to proteins adsorbed from the culture medium was difficult to 
prove.
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Comparing the use of rabbit and chicken antisera, the highest OD values 
were obtained with the control chicken antisera (wells coated only with 
antisera), which indicates nonspecific binding of proteins to the 
surface of the wells, although the antigens prepared to inoculate 
chickens were grown in E broth and the antigens prepared to perform the 
ELISA were grown in Moredun broth. The explanation might be the 
different nature of the constituents of the sera produced by the animals 
(rabbit and chicken). This finding is in accordance with the 
observations of THORNS and BOUGHTON (1978) that the specificity of 
serological tests is reduced by adsorption of serum proteins to the 
mycoplasma antigen, which may mask the antigenic determinants and may 
also cause cross reactions and hence false positives. An attempt was 
made to incubate M.bovis chicken antisera diluted in E broth (30 min at 
56°C and then centrifugated at 11,600g for 15 min) before using it for 
the ELISA test, with some promising results. Further studies are 
necessary to prove that this procedure will be useful for routine 
practice and will be reproducible with other Mycoplasma species.
The finding that chicken antisera produced more nonspecific binding than 
rabbit antisera was again observed with the sandwich ELISA. Although 
the sandwich ELISA using chicken antisera as the capture (first) serum 
and rabbit antisera as the sandwich (second) serum had shown promising 
results (low OD values in the controls and some specificity when M.bovis 
and M.bovirhinis cultures were tested), further refinements and 
repetitions are necessary, as well as the testing of different 
Mycoplasma and Acholeplasma species to prove the sensitivity and 
specificity of the assay. It is also important to find out if the 
sandwich ELISA will be quicker, easier and cheaper than the conventional
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methods used for Mycoplasmatales identification.
Mycoplasma strains are currently differentiated by antigenic variations, 
biochemical properties, host preference, and tissue localization of the 
organisms. As animal mycoplasmas are surface parasites and no wall 
separates the plasma membrane of the parasite and that of its host, the 
role of membrane components in mycoplasma pathogenicity has become of 
great interest. According to RAZIN et al. (1972) mycoplasma membrane 
components are serologically active: the membrane contains the major
cell antigens that elicit production of metabolism-inhibiting and 
growth-inhibition antibodies, and both lipids and proteins can be 
serologically active. Lipids are known to be serologically active in a 
number of mycoplasmas, but proteins are probably the dominant membrane 
antigens in most mycoplasmas (KENNY, 1979). MANILOFF and MOROWITZ 
(1972) reported that the chemical composition of mycoplasma membranes is 
50 to 59 per cent protein, 32 to 40 per cent lipid, 0.5 to 2 per cent 
carbohydrate, 2 to 5 per cent RNA, and about 1 per cent DNA, and that 
glycolipid and protein membrane components specify the mycoplasma 
antigenic properties.
So the other parameter studied in this research was the usefulness of 
treating mycoplasma cultures with buffer or reagents that could improve 
the sensitivity and/or specificity of the test, by releasing of 
serological active components from the mycoplasma cells. The release of 
the antigenic components was attempted by osmotic lysis of the 
mycoplasma cells and by the use of detergents and solvents for membrane 
disruption or solubilization. Out of all the combinations of reagents 
tested, the use of: 1) acetone; 2) CBB plus "Lysol"; and 3) acetone plus
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"Lysol" plus merthiolate were the most promising. The results showed 
that treatment with solvents (acetone) and detergents ("Lysol" and 
merthiolate) and the disruption of the mycoplasma cells by osmotic lysis 
(CBB) improved the sensitivity of the ELISA. The specificity of the 
test was improved by the use of CBB plus merthiolate plus HCl, showing 
again that the use of a detergent combined with osmotic lysis of the 
cells was effective. However, in general the best results of all 
(sensitivity and specificity) were obtained when undiluted antigen was 
used, and again, in this experiment, the best serum used for antigen- 
antibody reaction was the positive pooled bovine serum.
SUGIYAMA et al. (1974) analysed immunologically glycolipids and 
lipopolysaccharides derived from various mycoplasmas {A.laidlawii, 
A.modicum, A.axanthum, M.neurolyticum and T.acidophilum), using aqueous 
phenol extraction for lipopolysaccharide. They reported that the 
glycolipids and the aqueous phenol fractions (lipopolysaccharides) from 
the membranes of these mycoplasmas exhibited significant antigenic 
activity. They concluded that the existence of lipopolysaccharides in 
the membrane of these mycoplasmas and their complement-fixing activity 
in the presence of anti-membrane sera suggested their possible 
importance as specific antigenic determinants.
Since in the above studies (SUGIYAMA et al. 1974) no bovine mycoplasma 
was included, research was carried out using aqueous phenol extracts 
from different bovine Mycoplasma species (grown in E and Moredun broth). 
The use of three different sera against M.bovis (rabbit, chicken and 
bovine) was attempted to find the most specific and sensitive result. 
Rabbit antisera did not show any promise, nor did a sandwich ELISA
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carried out using chicken and bovine serum. With chicken antisera 
(raised against different Mycoplasma species) it was possible to detect 
some sensitivity, the results appearing to be slightly better when 
antigens (aqueous phenol extracts) were used diluted at 1/100 (in CBB). 
No specificity test using chicken antisera was tried because of the 
known existence of background readings. For specificity evaluation, 
bovine serum positive for M.bovis was used against all Mycoplasma 
species from which an aqueous phenol extract was available. The results 
showed some specificity independent of whether the organisms were grown 
in E or Moredun broth. Some cross reactivity was observed between 
M.bovis and M.bovigenitalium grown in E broth, which is not a new 
finding, as THORNS and BOUGHTON (1980) reported cross-reactivity between 
those mycoplasmas when using the gel diffusion and growth precipitation 
tests, but not when complement fixation, tube agglutination and growth 
inhibition tests were employed; however, in their report they were using 
hyperimmune sera and not bovine sera. Furthermore, in a previous report, 
THORNS and BOUGHTON (1978) stated that although the chemical composition 
of the films produced by M.bovis and M.bovigenitalium appeared to be the 
same, film inhibition tests revealed no cross-reaction, and they 
suggested that the enzymes mediating the formation of film in the two 
species differed sufficiently to be antigenically distinct. In this 
particular research (using aqueous phenol extracts of antigen) it was 
not possible to make further observations about the existence of similar 
lipopolysaccharides in those two Mycoplasma species, since the chemical 
analysis of the aqueous phenol extracts was not included as an important 
part of the present study and would not make any improvement for the 
adoption of this technique for Mycoplasmatales identification. Less 
cross-reactivity was found testing aqueous phenol extracts of M.bovis
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and n. calif omicwn (grown in E and Moredun broth) with slightly better 
results when the organisms were grown in Moredun broth.
These findings are in accordance with those published by ANDREW and 
CARTER (1977). They reported a study on the serological reactivity of 
chemical fractions of M.bovis, using agar gel diffusion, ring 
precipitation, indirect haemagglutination, inhibition of growth 
inhibition (IGI), and CF tests. The chemical fractions used to perform 
the study were: 1) aqueous phenol fraction; 2) potassium chloride
fraction; 3) ethanol-acetone fraction; 4) chloroform-methanol fraction, 
and 5) homogenized M.bovis cells. They found that only the IGI and CF 
tests gave sensitive and reproducible serological information, the best 
results being obtained when M.bovis cells were tested as whole cells or 
in homogenized form, or when the ethanol-acetoné and the chloroform- 
methanol fractions were employed. From these results they suggested 
that lipids are involved in the serological reactivity of M.bovis.
SMITH (1979) reported that glycosyl diglycerides containing from one to 
five sugar residues have so far been detected in the Acholeplasma 
species, M.neurolyticum and T.acidophilum. They were named
lipopolysaccharides because the presence of oligosaccharide moieties 
conferred solubility properties, resembling those of the classical 
lipopolysaccharides of Gram negative bacteria. Thus, the mycoplasmal 
lipopolysaccharides are extractable in hot aqueous phenol, but not in 
the conventional lipid solvents. However, in chemical composition the 
mycoplasma lipopolysaccharides are totally unrelated to those of Gram 
negative bacteria, as they lack heptoses, ketodeoxyoctonate, and
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phosphoryl ethanolamine. It seems clear that additional studies of the 
serological reactivity of lipopolysaccharides extracted from different 
Mycoplasma species are necessary to determine the chemical composition 
of the various fractions obtained from different treatments of the 
antigens.
With the results obtained it is not possible to conclude that any of the 
methods employed for protein, lipid or lipopolysaccharide extraction 
enhanced the sensitivity and/or specificity of the ELISA test, nor lead 
to a quicker, easier or cheapest way to identify Mycoplasmatales 
isolated from field materials.
The indirect ELISA was compared with IIP and DFI tests. The results 
found with IIPT showed some cross-reactivity and the test was difficult 
to interpret. Although IMADA et al. (1987) reported good results when 
the IIPT was employed for the identification of 22 Mycoplasma species, 
and claimed that the results agreed with those obtained by GIT, in this 
research the test did not appear to be more specific and sensitive than 
DFIT. When compared with the indirect ELISA, extrapolations of the 
results were difficult, as the indirect ELISA was not very sensitive and 
specific for Mycoplasmatales identification. Furthermore, care must be 
taken in comparing the indirect ELISA and the IIPT used in this 
research, as the IIPT was slightly different from that described by 
IMADA et al. (1987), since the conjugate and developing solution used to 
peform the IIPT in this research were the same as used for ELISA. This 
was done to allow more direct comparison between time and costs of the 
two tests, and could be regarded as a source of lack in specificity and 
sensitivity in the IIPT.
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In conclusion, the DFIT seems to be the most efficient method for the 
identification of M.bovis when compared with the other two serological 
tests used in this study. DFIT proved to be easier and cheaper, as it 
only needs a good M.bovis positive serum, and is read visually without 
difficulty.
Some reports about the use of ELISA for detection of M.bovis in milk 
(BOOTHBY et al. 1986) and from bull semen and preputial washings 
(NIELSEN et aZ. 1987) have been published. The first report is about 
the use of a competitive ELISA using monoclonal antibodies (BOOTHBY et 
al. 1986) and the second one used a sandwich ELISA, in which a rabbit 
antiserum was used as a "capture" serum, and serum from an immunised cow 
and murine monoclonal antibody were used as second antibody to perform 
the test (NIELSEN et al. 1987). These reports proved that ELISA 
techniques can be employed for M.bovis antigen detection, although more 
expensive and sophisticated assays are necessary to obtain satisfactory 
results. It seems that the simpler indirect ELISA is not a reliable 
technique for M.bovis antigen detection (and for other Mycoplasmatales 
as well), from the results obtained in this research.
The possibility of using electron microscopy techniques for the 
identification of Mycoplasmatales was not evaluated in this study, as 
these techniques require sophisticated equipment, are time consuming and 
very expensives. Furthermore, these techniques would require a very 
specific and detailed study to find out morphological and structural 
differences between Mycoplasmatales, for use as a routine practice for 
their identification.
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The use of an indirect ELISA for detection of M.bovis antibodies in milk 
samples was investigated. The experiments, however, were strongly 
prejudiced by the lack of known positive milk samples (samples in which 
antibodies for M.bovis had been detected by other serological tests) and 
the lack of a positive and a negative reference milk sample, to be
included in the test and used as controls.
The field milk samples used in the study were collected from a herd 
belonging to the CVL, in which there was no history of mycoplasma 
mastitis. Interesting results were obtained from 16 milk samples, that 
showed OD >1.00, values considered in the positive range when compared 
with that of the positive control. Considering that the limit for 
positivity was arbitrarily stipulated to be OD >1.00 and due to the lack 
of information about the titre of antibody to M.bovis of the positive 
control, it is believed that the high OD values obtained in some samples 
(collected from all quarters of the same cows) indicated some 
immunological reaction for M.bovis. When serum samples from all cows 
were tested by the indirect ELISA, no positive or inconclusive result 
was obtained - all sera were undoubtedly negative for M.bovis antibody.
The observations of this research shown that further refinements of the 
ELISA and the availability of good positive and negative milk sample to 
be used as controls, are essential for the assessment of the presence of 
M.bovis antibodies in field milk samples.
Finally, analysing this research work as a whole, it is possible to
conclude that: 1) the introduction of another antibiotic in E broth
(Carbenicillin, Vancomycin or Fosfomycin) will enhance the chances of
382
Mycoplasmatales isolation, and that M.bovis was present in the bovine 
population under study in Brazil; 2) the indirect ELISA proved to be 
more sensitive and more specific than CFT and DFIT for serodiagnosis of 
M.bovis infections; 3) the indirect ELISA developed for M.bovis 
serodiagnosis can be read by eye without difficulty using a good 
positive and negative control sera, and it was satisfactory for testing 
serum samples collected in Brazil; 4) the indirect ELISA did not appear 
to be more specific than DFIT for identification of M.bovis, although 
further refinements are necessary to enhance the sensitivity of the 
assay; and 5) the indirect ELISA should be a reliable technique for 
detection of antibodies against M.bovis in milk field samples if good 
positive and negative controls are available and if the field samples 
are collected from cows with clinical mastitis.
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I) MEDIA USED FOR nycoplasmatales ISOLATION, IDENTIFICATION AND/OR 
ANTIGEN PRODUCTION
1.1) E BROTH (Modified Eaton Broth)
Constituents :
Dlfco PPLO broth base 10.5g
Weybridge Yeast extract 50.0ml
Unheated horse serum 100.0ml
Dextrose (25 per cent solution) 20.0ml
DNA (0.2 per cent solution) 5.0ml
Ampicillin ("Penbritin”) 50.0ml
Phenol red (0.2 per cent solution) 6.25ml
Distilled water to 495.0ml
Adjust pH to 7.6-7.8 with O.IM NaOH and sterilize by filtration.
1.2) E AGAR 
Preparation;
Use the same constituents from E broth, however omitting phenol red and 
add 1 per cent of a purified agar (lonagar N.2).
1.3) UEYERIDGE YEAST EXTRACT
Constituents :
Dried Yeast 500.Og
Potassium dihydrogen orthophosphate 89.9g
Distilled Water 3.300ml
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Preparation:
Mix the constituents and heat up to 80°C, maintaining the temperature 
for 20 minutes. Centrifuge for 30 minutes at 2,447g, and clarify by 
filtration. Store in deep freezer.
1.4) MOREDDN BROTH (O.B. broth)
Constituents :
Medium 199 Wellcome (10 times concentrated) 30.0ml
Brain-heart infusion (Difco) 100.0ml
Weybridge Yeast extract 50.0ml
Pig serum (inactivated) 50.0ml
Phenol red (0.4 per cent solution) 7.5ml
Thallium acetate (10 per cent solution) 1.25ml
Ampicillin (lOOmg/ml) 5.0ml
Distilled Water 270.0ml
Adjust pH to 7.6-7.8 with O.IM NaOH.
1.5) ARGININE BROTH
Constituents:
Difco PPLO broth base 10.5g
L-arginine HCl l.Og
Unheated horse serum 100.0ml
Weybridge Yeast extract 50.0ml
Ampicillin 50.0mg
Phenol red (0.2 per cent solution) 6.25ml
Distilled Water to 495.5ml
Adjust to pH 7.0 with O.IM NaOH, and sterilize by filtration
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APPENDIX
II) MEDIA USED FOR ISOLATION AND IDENTIFICATION OF BACTERIA FROM NASAL 
DISCHARGES
II. 1) TEAGUE AGAR (Eosin - Methylene Blue Agar)
Constituents :
"Bacto" Peptone (Difco) 10.Og
Sodium chloride 5.0g
Beef extract (Difco or Merck) 3.0g
Lactose 10.Og
Saccharose 10.Og
Methylene blue (5 per cent solution) 20.0ml
Eosin Yellow (2 per cent solution) 20.0ml
Distilled Water 1000.0ml
Preparation:
Methylene blue and eosin solutions are prepared separately, sterilized 
at 121°C for 15 minutes and kept at room temperature.
All other reagents are mixed and autoclaved at 121°C for 15 minutes. 
When this preparation is at a temperature of approximately 50°C, 
methylene blue and eosin solutions are added, the final pH adjusted for 
7.2, and the media is poured into Petri dishes.
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II.2) BLOOD AGAR
Constituents:
Simple broth 1000.0ml
Agar-agar (Difco) 30.Og
Sheep defibrinated blood 50.0ml
Preparation:
Mix simple broth and agar-agar, and autoclave it at 121°C for 30 
minutes. When medium is cool to approximately 50°C, add the sheep 
defibrinated blood, adjust pH for 7.2, and pour it onto Petri dishes.
II.3) SIMPLE BROTH
Constituents:
"Bacto" Peptone (Difco) 10.Og
Sodium chloride 5.0g
Beef extract (Difco or Merck) 3.0g
Distilled Water 1000.0ml
Autoclave at 121°C for 30 minutes, and adjust pH for 7.2
11.4) COSTA VERMIN MEDIUM (CV medium)
11.4) a) Semi-solid base
Constituents:
"Bacto" Peptone (Difco) 2.0g
Sodium chloride 0.5g
Thymol blue solution 0.3ml
Andrade’s indicator 1.0ml
Agar 0.5g
Distilled Water 100.0ml
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Preparation:
Heat to dissolve the constituents, adjust pH to 7.2-7.4, pour into glass 
tubes and sterilize at 121°C for 15 minutes.
11.4) b) Solid base
Constituents:
"Bacto" Peptone (Difco) 1.5g
Tryptone or trypticase 0.5g
Sodium thiosulphate 0.02g
Ferrons ammonium sulphate 0.02g
Thymol blue solution 0.3ml
Andrade’s indicator 1.0ml
Agar 2.Og
Distilled Water 100.0ml
Preparation :
Heat to dissolve constituents, adjust pH to 7.2-7.4, pour it into glass 
tubes and sterilize at 121°C for 15 minutes.
11.4) c) Solution of urea and sugars
Constituents:
Urea 20.Og
Lactose 30.Og
Saccharose 30.Og
Distilled Water 100.0ml
Sterilize by filtration and keep at 4°C.
389
II.4) d) Thymol blue solution
Constituents:
Thymol blue 1.6g
Sodium hydroxide O.IN 34.4ml
Distilled Water 65.6ml
Preparation of CV medium
1) Melt bases 4a and 4b, and cool for approximately 60°C. Add
asseptically 5 per cent of the solution of urea and sugars, to each 
one.
2) Pour base 4a in 2 to 2.5ml volumes in sterile glass tubes (13mm
diameter).
3) Allow to solidify in a vertical position, at room temperature for 30 
minutes. Add an equal volume of base 4b.
4) Close with a plug of non-absorbent cotton wool.
5) Allow to solidify in a slight inclined position.
Sow procedure;
With a platimum wire stab the CV medium to the bottom and make several 
grooves in the inclined surface. An indole test can be done by using a 
filter paper strip impregnated with Erlich-Bohme reagent just above the 
surface of the medium, fixed by the plug.
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Incubate the inoculated medium for 24 to 48 hours at 37°C.
Using this medium, the following information can be obtained:-
a) Fermentation of lactose and or saccharose : by the formation of a 
red colouration, with or without gas production.
b) Urease production : reduction of urea produces a blue colouration.
c) Sulphuric acid (HgS) production : by blackening of the solid base.
d) Indole reaction : a red colouration on the impregnanted strip.
e) Motility : by a diffuse growth from the stab.
d) The superficial growth can be used for serology.
II.5) THIOGLYCOLLATE (dehydrated medium) (Difco)
Constituents (per litre):
"Bacto" casitone 15.0g
"Bacto" yeast extract 5.0g
Dextrose 5.5g
Sodium chloride 2.5g
L-Cystine Difco 0.5g
Sodium thioglycollate 0.5g
"Bacto-agar" 0.75g
Resazurin, certified O.OOlg
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Preparation:
For rehydration, suspend 29.8g of dried medium in 1000ml distilled 
water, and heat to boiling to dissolve of the medium. Sterilize in 
autoclave at 121°C for 15 minutes. Cool it to 25^C and keep it at room 
temperature, in a dark place.
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Ill) MEDIA USED TO PERFORM THE ANTIBIOTIC SENSITIVITY TESTS
III.A) FOR GRAM POSITIVE AND GRAM NEGATIVE BACTERIA
III.A.l) MOELLER HINTON BROTH (Difco)
Constituents (in 1 lb):
Beef, infusion from 300.Og
Casamino acids technical 17.5g
"Bacto" Soluble starch 1.5g
Adjust pH to 7.4 (+ 0.2)
Preparation:
Dissolve 21g in 1 litre distilled water. Heat to the boil for totally 
dissolution. Sterilize in autoclave at 121°C for 15 minutes.
III.A.2) MULLER HINTON AGAR (Difco)
Constituents (in 1 lb):
Beef, infusion from 300.Og
Casamino acids techincal 17.5g
"Bacto" soluble starch 1.5g
"Bacto" agar 17.Og
Adjust pH to 7.3 (+ 0.1)
Preparation:
Dissolve 36.5g in 1 litre distilled water, and allow it standing for 15 
minutes. Heat to the boil for totally dissolution. Sterilize in
autocalve for 15 minutes at 121°C.
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III.A.3) MUELLER HINTON BLOOD AGAR
Preparation:
To prepare this medium just add 50ml of sheep defibrinated blood to 1 
litre of Mueller Hinton Agar (medium 2), when the last is at a 
temperature of 50°C.
III.B) FOR MYCOPLASMATAIJES
III.B.l) E BROTH
(see Appendix I.l)
III.B.2) E AGAR
(see Appendix 1.2)
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IV) SENSITIVITY in vitro RESULTS OBTAINED FROM CONTAMINANT BACTEEÜA
Tested against : AMIKACIN
AMPICILLIN
CARBENICILLIN
CEPHALEXIN
CEPHALOTHIN
CEPHAZOLIN
CEFOTAXINE
CEFOXITIN
CEFTRIAXONE
CLINDAMYCIN
CHLORAMPHENICOL
ERYTHROMYCIN
FOSFOMYCIN
GENTAMYCIN
KANAMYCIN
LINCOMYCIN
NALIDIXIC ACID
NETILMYCIN
NITROFURANTOIN
NORFLOXACIN
OXACILLIN
PENICILLIN
PIPEMIDIC ACID
RIFAMPICIN
SISOMYCIN
SULPHAZOTRIM
SULPHONAMIDE
TETRACYCLINE
TOBRAMYCIN
VANCOMYCIN
395
AMIKACIN
20
15
lu
m i  senzHive
I I resistant
r% 7]  interm ediate
Ec Ki En Ac Ps Bs Str Ste St-:
AMPICILLIN
20
Ec KI En Ha S Ac Ps Bs Str Ste Sta
CARBENICILLIN
c1
10
0
En Ha SeEc KI P te  Statr
396
CEFOTAXIME
20
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
m  sensitive
I I resistant
^ 0 0  in term edia te
CEFOXITIN
20
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
CEFTRIAXONE
20
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Str S te  Sta
CEPHALEXIN
20
10 -
5 -
m  S ens it ive
I I R e s is ta n t
Intermediate
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
CEPHALOTHIN
20
15
10
5
0
Ec Ki En Ha Se Ac Ps Bs Str Ste Sta
CEPHAZOLIN
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
CLINDAMYCIN
20
15 -
10 -
5 -
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
CHLORAMPHENICOL
20
15 -
10 -
5 -
H H  sens it ive
[  I re s is ta n t
I H l  in te r m e d ia t e
Ü
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
ERYTHROMYCIN
20
IS -
10 -
Ec KI En Ha Se Ac Ps Bs S tr  S te  S ta
FOSFOMYCIN
20
15
10
5
CL J E0
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
m  sensitive
I I resistant
intermediate
GENTAMYCIN
20
15
10
5
0
Ec Ki En Ha Se Ac Ps Bs Str Ste Sta
KANAMYCIN
20
15
10
5
0
Ec Ki En Ha Se Ac Ps Bs S tr  S te  S ta
LfOO
LINCOMYCIN
15 —
10 -
5 -
m u  sensitive
I I resistant
intermediate
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
NALIDIXIC ACID
20
15
10
5
0
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
NETILMYCIN
20
15 -
10 -
5 -
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
NITROFURANTOIN
0
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
m  sensitive
I I resistant
intermediate
NORFLOXACIN
20
IS
10
5
0
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
20
15
10
OXACILLIN
Ü J 1 n
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
l+ol
PENICILLIN
20
15
10 -
5 -
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
PIPEMIDIC ACID
20
15 -
10 -
5 -
I I H  sensitive
I I resistant
intermediate
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
RIFAMPICIN
20
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Sir S te  S ta
4:0b
SISOMYCIN
20
15
10
5
0
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
H  sensitive
[ I résistant
H E  intermediate
SULPHAZOTRIM
20
15
10
5
0
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
SULPHONAMIDE
Ec Kl En Ha Se Ac Ps Bs Str Ste Sta
TETRACYCLINE
;02i
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
m  sensitive
I I resistant
intermediate
TOBRAMYCIN
20
15
10
5
0
Ec KI En Ha Se Ac Ps Bs Str Ste Sta
VANCOMYCIN
Ec KI En Ha Se Ac Ps Bs Str St# Sta
V) SENSITIVITY in vitro RESULTS OBTAINED FROM Mycoplasmatales
Tested against : AMIKACIN
AMPICILLIN
CARBENICILLIN
CEPHALEXIN
CEPHALOTHIN
CEPHAZOLIN
CEFOTAXINE
CEFOXITIN
CEFTRIAXONE
CLINDAMYCIN
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ERYTHROMYCIN
FOSFOMYCIN
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PENICILLIN
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VANCOMYCIN
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VI) ABBREVIATIONS USED FOR SENSITIVITY TABLES AND HISTOGRAMS
Abbreviation Microorganism
Aa
1
1 Acholeplasma axanthum 
1
Ac
1
1 Acinetobactev calcoaceticus 
1
A1
1
1 Acholeplasma laidlowii 
1
Ao
1
1 Acholeplasma oculi 
1
Bs
1
1 Bacillus subtilis
Ec
1
1 Escherichia coli
En
1
1 Enterobacter cloacae 
1
Ha 1 Hafnia alvei 
1
K1
1
1 Klebsiella pneumoniae 
1
Mb
1
1 Mycoplasma bovis
Mbc 1 Mycoplasma bovoculi
Mbh
1
1 Mycoplasma bovirhinis 
1
Md
1
1 Mycoplasma dispar
Ps
1
1 Pseudomonas aeruginosa 
1
Se
1
[ Serratia marcescens
Sta
1
1 Staphylococcus aureus 
1
Ste
1
1 Staphylococcus epidermidis
Str 1 Streptococcus sp. 
1
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VII) ANTICOAGULANT FOR BLOOD COLLECTION (CF TEST)
ALSEVERS SOLUTION
Constituents:
Glucose 2.05g
Tri-sodium citrate (anhydrous) 0.8g
Sodium chloride 0.42g
Water 100.0ml
Preparation:
Adjust pH to 6.1 with 10 per cent citric acid solution. Sterilize by 
filtration through a 0.22 um membrane. For use collect one volume of 
blood onto 1.2 volumes of Alsever’s Solution. Store at 4°C.
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VIII) REAGENTS USED IN ELISA TEST
1) O.IM Carbonate - Bicarbonate buffer, pH 9.6 (CBB)
15.9g NagCOg
29.3g NaHCOg 
5.000ml distilled water
2) O.OIM Phosphate Buffered Saline/Tween, pH 7.4 (PBST)
8.739g NaHgPO^
25.639g Na^HPO^
42.5g NaCl
10.0ml Tween 20 
5.000ml distilled water
3) Phosphate - Citrate buffer, pH 5.0 
Stock solutions:
a) Citric Acid - 4.8g C(OH)(COOH)(CH2.COOH)2.H20
250ml distilled water
b) Phosphate - 7.1g Na2HP0^
250ml distilled water
For use mix:
24.3ml citric acid solution 
25.7ml phosphate solution 
40mg OPD (
50ml distilled water
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IX) COMPARISON BETWEEN ENZYME-LINKED IMMUNOSORBENT ASSAY, COMPLEMENT 
FIXATION AND DISC FILM INHIBITION TESTS
IX. a) COMPARISON BETWEEN ELISA AND DFIT
IX.b) COMPARISON BETWEEN ELISA AND CFT (OD >0.600 as positive)
IX.c) COMPARISON BETWEEN ELISA AND CFT (OD >0.900 as positive)
IX. d) COMPARISON BETWEEN ELISA AND CFT (in negative DFIT samples)
IX.e) COMPARISON BETWEEN ELISA AND CFT (in negative DFIT samples)
IX. f) COMPARISON BETWEEN ELISA AND CFT (in positive DFIT samples)
IX. g) COMPARISON BETWEEN ELISA AND CFT (in positive DFIT samples)
IX. h) COMPARISON BETWEEN DFIT AND CFT
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IX.a) COMPARISON BETWEEN ELISA AND DFIT RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
DFIT
ELISA
+
TOTAL
+
102
70
172
106
1022
1128
specificity: 91%
TOTAL sensitivity: 59%
208 test bias: 1.21%
1092 predictive value of +ves: 49%
1300 predictive value of -ves: 94%
coefficient of association: 0.87 
standard error: 0.02
coefficient of colligation: 0.58 
standard error: 0.03
chi-squared: 3.99 p>.01
b) considering ELISA positive as OD>=0.90
DFIT
ELISA
+
TOTAL
+
84
88
172
65
1063
1128
specificity: 94%
TOTAL sensitivity: 49%
149 test bias: 0.87%
1151 predictive value of +ves: 56%
1300 predictive value of -ves: 92%
coefficient of association: 0.88 
standard error: 0.02
coefficient of colligation: 0.60 
standard error: 0.03
chi-squared: 1.88 p>.05
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IX.b) COMPARISON BETWEEN ELISA AND CFT RESULTS FOR M.bovis
considering ELISA positive as OD>=0.60
a) considering CFT 1/40 as positive
ELISA
+
TOTAL
+
105
195
300
CFT
103
897
1000
specificity: 90%
TOTAL sensitivity: 35%
208 test bias: 0.69%
1092 predictive value of fves: 50%
1300 predictive value of -ves: 82%
coefficient of association: 0.65 
standard error: 0.05
coefficient of colligation: 0.37 
standard error: 0.03
chi-squared: 20.71 p<.001
b) considering CFT 1/40 as negative
CFT
ELISA
+
TOTAL
+
62
90
152
146
1002
1148
specificity: 87%
TOTAL sensitivity: 41%
208 test bias: 1.37%
1092 predictive value of fves: 30%
1300 predictive value of -ves: 92%
coefficient of association: 0.65 
standard error: 0.05
coefficient of colligation; 0.37 
standard error: 0.04
chi-squared: 10.11 p>.001
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IX.c) COMPARISON BETWEEN ELISA AND CFT RESULTS FOR M.bovis
considering ELISA positive as OD>=0.90
a) considering CFT 1/40 as positive
CFT
ELISA
+
TOTAL
f
81
219
300
68
932
1000
specificity: 93%
TOTAL sensitivity: 27%
149 test bias: 0.50%
1151 predictive value of +ves: 54%
1300 predictive value of -ves: 81%
coefficient of association: 0.67 
standard error: 0.05
coefficient of colligation: 0.38 
standard error: 0.04
chi-squared: 61.38 p<.001
b) considering CFT 1/40 as negative
CFT
ELISA
+
TOTAL
+
46
106
152
103
1045
1148
specificity: 91%
TOTAL sensitivity; 30%
149 test bias: 0.98%
1151 predictive value of +ves: 31%
1300 predictive value of -ves: 91%
coefficient of association: 0.63 
standard error: 0.06
coefficient of colligation: 0.35 
standard error: 0.04
chi-squared: 0.038 p>.05
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IX.d) COMPARISON BETWEEN ELISA AND CFT RESULTS FOR M,bovis
considering ELISA positive as OD>=0.60
(testing sera negative in DFIT)
a) considering CFT 1/40 as positive
CFT
ELISA f - TOTAL
+ 49 57 106
- 187 835 1022
TOTAL 236 892 1128
specificity: 94%
sensitivity: 21%
test bias: 0.45%
predictive value of fves: 46%
predictive value of -ves: 82%
coefficient of association: 0.59 
standard error: 0.07
coefficient of colligation: 0.32 
standard error: 0.05
chi-squared: 58.24 p<.001
b) considering CFT 1/40 as negative
CFT
ELISA
+
TOTAL
f
26
86
112
80
936
1016
specificity: 92%
TOTAL sensitivity: 23%
106 test bias: 0.95%
1022 predictive value of +ves: 25%
1128 predictive value of -ves: 92%
coefficient of association: 0.56 
standard error: 0.09
coefficient of colligation: 0.31 
standard error: 0.06
chi-squared: 0.18 p>.05
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IX.e) COMPARISON BETWEEN ELISA AND CFT RESULTS FOR M.bovis
considering ELISA positive as OD>=0.90
(testing sera negative in DFIT)
a) considering CFT 1/40 as positive
CFT
ELISA
+
TOTAL
+
33
203
236
32
860
892
specificity; 96%
TOTAL sensitivity: 14%
65 test bias: 0.28%
1063 predictive value of +ves: 51%
1128 predictive value of -ves: 81%
coefficient of association: 0.63 
standard error: 0.08
coefficient of colligation: 0.35 
standard error: 0.06
chi-squared: 112.10 p<.001
b) considering CFT 1/40 as negative
CFT
ELISA
+
TOTAL
f
16
96
112
49
967
1016
specificity: 95%
TOTAL sensitivity: 14%
65 test bias: 0.58%
1063 predictive value of +ves: 25%
1128 predictive value of -ves: 91%
coefficient of association: 0.53 
standard error: 0.11
coefficient of colligation: 0.29 
standard error: 0.07
chi-squared: 13.54 p<.001
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IX.f) COMPARISON BETWEEN ELISA AND CFT RESULTS FOR M,bovis
considering ELISA positive as OD>=0.60
(testing sera positive in DFIT)
a) considering CFT 1/40 as positive
CFT
ELISA
+
TOTAL
+
56
8
64
46
62
108
specificity: 57%
TOTAL sensitivity: 87%
102 test bias: 1.59%
70 predictive value of +ves: 55%
172 predictive value of -ves: 89%
coefficient of association: 0.81 
standard error: 0.07
coefficient of colligation: 0.51 
standard error: 0.08
chi-squared: 16.81 p<.001
b) considering CFT 1/40 as negative
CFT
ELISA
+
TOTAL
+
36
4
40
66
66
132
specificity: 50%
TOTAL sensitivity: 90%
102 test bias: 2.55%
70 predictive value of +ves: 35%
172 predictive value of -ves: 94%
coefficient of association: 0.80 
standard error: 0.10
coefficient of colligation: 0.50 
standard error: 0.10
chi-squared: 46.1 p<.001
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IX.g) COMPARISON BETWEEN ELISA AND CFT RESULTS FOR M,bovis
considering ELISA positive as OD>=0.90
(testing sera positive in DFIT)
a) considering CFT 1/40 as positive
CFT
ELISA + - TOTAL
+ 48 36 84
- 16 72 88
TOTAL 64 108 172
specificity: 67%
sensitivity: 75%
test bias: 1.31%
predictive value of fves: 57%
predictive value of -ves: 82%
coefficient of association: 0.71 
standard error: 0.09
coefficient of colligation: 0.42 
standard error: 0.07
chi-squared: 4.74 p>.01
b) considering CFT 1/40 as negative
CFT
ELISA
+
TOTAL
+
30
10
40
54
78
132
specificity: 59%
TOTAL sensitivity: 75%
84 test bias: 2.10%
88 predictive value of +ves: 36%
172 predictive value of -ves: 89%
coefficient of association: 0.63 
standard error: 0.12
coefficient of colligation: 0.35 
standard error: 0.09
chi-squared: 24.41 p<.001
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IX.h) COMPARISON BETWEEN DFIT AND CFT RESULTS FOR M.bovis
a) considering CFT 1/40 as positive
DFIT
+
TOTAL
+
64
236
300
CFT
108
892
1000
specificity: 89%
TOTAL sensitivity: 21%
172 test bias: 0.57%
1128 predictive value of +ves: 37%
1300 predictive value of -ves: 79%
coefficient of association: 0.38 
standard error: 0.07
coefficient of colligation: 0.20 
standard error: 0.04
chi-squared: 42.41 p<.001
b) considering CFT 1/40 as negative
DFIT
+
TOTAL
+
40
112
152
CFT
132
1016
1148
specificity: 88%
TOTAL sensitivity: 26%
172 test bias: 1.13%
1128 predictive value of +ves: 23%
1300 predictive value of -ves: 90%
coefficient of association: 0.47 
standard error: 0.08
coefficient of colligation: 0.25 
standard error: 0.05
chi-squared: 1.41 p>.05
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X) COMPARISON BETWEEN ELISA VISUAL AND READER RESULTS
LIVE ANIMALS
X.a) FARM A
X.b) FARM B
X.c) FARM C
X.d) FARM D
X.e) ALL FARMS
X.f) FARMS A, B & D
SLAUGHTER HOUSES
x.g) HERD A
X.h) HERD B
X.i) HERD C
x.j) HERD D
X.k) ALL HERDS
X.l) TOTAL OF SAMPLES (live and dead animals)
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x.a)
FARM A
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
READER
VISUAL + — TOTAL
+ 16 6 22
- 6 23 29
TOTAL 22 29 51
specificity: 79%
sensitivity: 73%
test bias: 1.0%
predictive value of fves: 73%
predictive value of -ves: 79%
coefficient of association: 0.82 
standard error: 0.11
coefficient of colligation: 0.52 
standard error: 0.12
chi-squared: 0 p>.99
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
READER specificity: 66%
TOTAL sensitivity: 100%
15 22 test bias: 3.14%
29 29 predictive value of fves: 32%
44 51 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.01
coefficient of colligation: 0.95 
standard error: 0.26
chi-squared: 10.84 p<.001
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x.b)
FARM B
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
READER
VISUAL
+
TOTAL
+
13
12
25
4
22
26
specificity: 85%
TOTAL sensitivity: 52%
17 test bias: 0.68%
34 predictive value of +ves: 76%
51 predictive value of -ves: 65%
coefficient of association: 0.71 
standard error: 0.17
coefficient of colligation: 0.42 
standard error: 0.14
chi-squared: 2.59 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
READER specificity: 79%
TOTAL sensitivity: 100%
9 17 test bias: 2.12%
34 34 predictive value of +ves: 47%
43 51 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.0
coefficient of colligation: 0.99 
standard error: 0.18
chi-squared: 4.29 p>.01
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x.c) 
FARM C
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M,bovis
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
READER specificity: 93%
TOTAL sensitivity: ? %
2 2 test bias: 2.0%
25 26 predictive value of +ves: ? %
27 28 predictive value of -ves: 96%
coefficient of association: -0.98 
standard error: 0.77
coefficient of colligation: -0.80 
standard error: 2.86
chi-squared: 0.352 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
READER specificity: 93%
TOTAL sensitivity: ? %
2 2 test bias: ? %
26 26 predictive value of fves: ? %
28 28 predictive value of -ves: 100%
coefficient of association: 0.86 
standard error: 1.88
coefficient of colligation: 0.57 
standard error: 2.41
chi-squared: 2.07 p>.05
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x.d) COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovls
FARM D
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
16
12
28
READER specificity: 90%
TOTAL sensitivity: 57%
3 19 test bias: 0.68%
26 38 predictive value of +ves: 84%
29 57 predictive value of -ves: 68%
coefficient of association: 0.84 
standard error: 0.11
coefficient of colligation: 0.55 
standard error: 0.13
chi-squared: 2.93 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
READER specificity: 73%
TOTAL sensitivity: 100%
14 19 test bias: 3.8%
38 38 predictive value of +ves: 26%
52 57 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.0
coefficient of colligation: 0.98 
standard error: 0.27
chi-squared: 10.34 p>.001
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X.e) COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
ALL FARMS
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
45
31
76
READER specificity: 86%
TOTAL sensitivity: 59%
15 60 test bias: 0.79%
96 127 predictive value of +ves: 75%
111 187 predictive value of -ves: 76%
coefficient of association: 0.81 
standard error: 0.06
coefficient of colligation: 0.51 
standard error: 0.07
chi-squared: 2.96 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
+
20
0
20
READER specificity: 76%
TOTAL sensitivity: 100%
40 60 test bias: 3.0%
127 127 predictive value of +ves: 33%
167 187 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.0
coefficient of colligation: 0.99 
standard error: 0.12
chi-squared: 25.44 p<.001
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X.f) COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovls
FARMS A. B & D
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
45
30
75
READER specificity: 85%
TOTAL sensitivity: 60%
13 58 test bias: 0.77%
71 101 predictive value of +ves; 78%
84 159 predictive value of -ves; 70%
coefficient of association: 0.78 
standard error: 0.07
coefficient of colligation: 0.48 
standard error: 0.07
chi-squared: 3.74 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
f
20
0
20
READER specificity: 73%
TOTAL sensitivity: 100%
38 58 test bias: 2.9%
101 101 predictive value of +ves: 34%
139 159 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.0
coefficient of colligation: 0.99 
standard error: 0.14
chi-squared: 24.53 p<.001
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x.g)
HERD A
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
26
21
47
READER specificity: 82%
TOTAL sensitivity: 55%
15 41 test bias: 0.87%
69 90 predictive value of +ves; 63%
84 131 predictive value of -ves: 77%
coefficient of association: 0.70 
standard error: 0.10
coefficient of colligation: 0.41 
standard error: 0.09
chi-squared: 0.616 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
+
12
1
13
READER specificity: 75%
TOTAL sensitivity: 92%
29 41 test bias: 3.15%
89 90 predictive value of +ves: 29%
118 131 predictive value of -ves: 99%
coefficient of association: 0.95 
standard error: 0.05
coefficient of colligation: 0.72 
standard error: 0.13
chi-squared: 18.29 p<.001
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X.h) 
HERD B
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
READER specificity; 86%
TOTAL sensitivity; 75%
2 8 test bias: 1.0%
12 14 predictive value of +ves: 75%
14 22 predictive value of -ves: 86%
coefficient of association: 0.89 
standard error: 0.11
coefficient of colligation: 0.62 
standard error: 0.17
chi-squared: 0 p>.99
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
READER specificity: 74%
TOTAL sensitivity: 100%
5 8 test bias: 2.7%
14 14 predictive value of +ves: 37%
19 22 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.01
coefficient of colligation: 0.98 
standard error: 0.34
chi-squared: 3.03 p>.05
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X.i)
HERD C
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
VISUAL
f
TOTAL
+
15
10
25
READER specificity: 93%
TOTAL sensitivity: 60%
3 18 test bias: 0.72%
42 52 predictive value of +ves: 83%
45 70 predictive value of -ves: 81%
coefficient of association; 0.91 
standard error: 0.06
coefficient of colligation: 0.64 
standard error: 0.11
chi-squared: 1.64 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
READER specificity: 81%
TOTAL sensitivity: 100%
12 18 test bias: 3.0%
52 52 predictive value of +ves: 33%
64 70 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.01
coefficient of colligation: 0.96 
standard error: 0.19
chi-squared: 7.24 p>.001
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X. j) 
HERD D
COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
43
6
49
READER specificity; 86%
TOTAL sensitivity: 88%
12 55 test bias: 1.12%
75 81 predictive value of +ves: 78%
87 136 predictive value of -ves: 93%
coefficient of association: 0.96 
standard error: 0.02
coefficient of colligation: 0.74 
standard error: 0.06
chi-squared: 0.56 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
+
22
0
22
READER specificity: 71%
TOTAL sensitivity: 100%
33 55 test bias: 2.5%
81 81 predictive value of +ves: 40%
114 136 predictive value of -ves: 100%
coefficient of association: 1.0 
standard error: 0.0
coefficient of colligation: 0.99 
standard error: 0.Î3
chi-squared: 19.73 p<.001
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X.k) COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
ALL HERDS
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
90
39
129
READER specificity: 86%
TOTAL sensitivity: 70%
32 122 test bias: 0.95%
198 237 predictive value of fves: 74%
230 359 predictive value of -ves: 84%
coefficient of association: 0.87 
standard error: 0.03
coefficient of colligation: 0.58 
standard error: 0.04
chi-squared: 0.30 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
f
TOTAL
+
43 
1
44
READER specificity: 75%
TOTAL sensitivity: 98%
79 122 test bias: 2.77%
236 237 predictive value of +ves: 35%
315 359 predictive value of -ves: 99%
coefficient of association: 0.98 
standard error: 0.02
coefficient of colligation: 0.84 
standard error: 0.08
chi-squared: 47.67 p<.001
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X.I) COMPARISON BETWEEN VISUAL AND READER RESULTS FOR M.bovis
ALL SAMPLES (live and dead animals)
a) considering ELISA positive as OD>=0.60
VISUAL
+
TOTAL
+
135
70
205
READER specificity: 86%
TOTAL sensitivity: 66%
47 182 test bias: 0.89%
294 364 predictive value of +ves: 74%
341 546 predictive value of -ves: 81%
coefficient of association: 0.85 
standard error: 0.03
coefficient of colligation: 0.55 
standard error: 0.04
chi-squared: 2.12 p>.05
b) considering ELISA positive as OD>=0.90
VISUAL
+
TOTAL
f
63 
1
64
READER specificity: 75%
TOTAL sensitivity: 98%
119 182 test bias: 2.84%
363 364 predictive value of +ves: 35%
482 546 predictive value of -ves: 99%
coefficient of association: 0.99 
standard error: 0.01
coefficient of colligation: 0.87 
standard error: 0.06
chi-squared: 73.06 p<.001
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